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THE  MANUFACTURE  OF  SULPHURIC  ACID  LN  THE  I  ."SITED 

STATES. 


By  A.  E.  Wells  and  D.  E.  Fogg. 


INTRODUCTORY  STATEMENT. 

When  the  United  States  entered  the  World  War  governmental 
agencies  found  little  definite  knowledge  available  as  to  the  exact  ca- 
pacity of  each  sulphuric  acid  plant  in  the  United  States  to  manufac- 
ture acid  under  the  stress  of  a  great  emergency.  It  is  true  that  on 
account  of  the  demand  for  acid  for  the  manufacture  of  munitions 
for  the  Allies,  prior  to  the  entrance  of  this  country  into  the  war,  most 
of  the  acid  plants  near  industrial  centers  in  the  Eastern  and  North- 
ern States  were  running  at  or  nearly  their  maximum  capacity,  but, 
for  various  reasons,  many  plants  in  these  States  and  plants  in  other 
districts  were  not. 

For  a  number  of  years  statistics  as  to  the  production  of  acid  by  the 
plants  of  the  country  were  compiled  by  the  United  States  Geological 
Survey,  but  obviously  such  figures  did  not  give  information  as  to 
the  maximum  capacities  that  might  be  available  for  meeting  the 
heavy  war  requirements,  or  as  to  the  steps  that  would  have  to  be  taken 
to  bring  these  capacities  into  use. 

During  the  summer  and  early  fall  of  1917  various  attempts  were 
made  to  obtain  the  desired  information,  but  no  satisfactory  or  com- 
plete data  were  obtained.  Late  in  1917,  under  the  authority  granted 
to  the  Bureau  of  Mines  by  the  explosives  act,  the  Director  of  the 
Bureau  of  Mines  directed  A.  E.  Wells,  metallurgist  of  the  bureau,  to 
make  a  complete  survey  of  the  situation.  Mr.  Wells  personally  con- 
ferred with  officials  of  the  acid  companies  and  visited  most  of  the 
acid  plants  in  the  North  that  are  east  of  the  Mississippi  River.  The 
information  obtained  through  this  personal  survey,  together  with 
that  obtained  through  the  ready  cooperation  of  the  subcommittee  on 
acids,  and  the  subcommittee  on  fertilizers  of  the  Committee  on  Chem- 
icals of  the  Council  of  National  Defense,  enabled  the  preparation  of 
a  report  containing  the  desired  data  concerning  the  sulphuric  acid 
industry.  This  report  was  made  immediately  available  to  the  War 
Industries  Board  and  to  those  offices  in  the  War  and  Navy  Depart- 
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ments  that  were  most  directly  concerned  in  planning  the  explosives 
program  and  in  obtaining  the  necessary  supplies  to  produce  the 
explosives. 

Beginning  with  this  survey  and  report,  the  sulphuric  acid  section 
of  the  war  minerals  investigations  of  the  Bureau  of  Mines  took  an 
active  part  in  all  matters  pertaining  to  the  sulphuric  acid  industry 
during  the  remainder  of  the  war.  Mr.  Wells,  the  chief  of  the  sec- 
tion, was  appointed  an  associate  chief  of  the  sulphur,  pyrite,  and 
sulphuric  acid  sections  of  the  War  Industries  Board.  Also,  by  this 
direct  contact  with  the  War  Industries  Board,  the  data  obtained 
by  Messrs.  E.  R.  Hornor,  H.  A.  Buehler,  and  O.  Lindstrom,  who 
were  in  charge,  for  the  bureau,  of  the  investigations  concerning  the 
supplies  of  pyrite  and  sulphur,  were  constantly  made  available  to 
all  interested  Government  agencies.  D.  E.  Fogg,  of  Xew  York  City, 
was  appointed  chemical  engineer  to  the  sulphuric  acid  section  to 
make  special  investigations  relating  to  the  acid  industry,  especially 
the  possible  utilization,  in  an  emergency,  of  those  sources  of  raw 
material  not  then  being  used.  Mr.  E.  E.  Corbett,  of  Brooklyn.  X.  Y., 
was  appointed  chemical  engineer  to  make  investigations  concerned 
primarily  with  the  conservation  of  acid.  Direct  and  intimate  con- 
tact with  the  industry  was  had  through  the  close  cooperation  with 
the  committee  on  acids  of  the  Chemical  Alliance,  this  committee 
during  the  greater  part  of  1918  occupying  rooms  with  the  acid  sec- 
tion of  the  bureau. 

With  the  ending  of  the  war  and  the  close  of  the  active  work  of 
the  acid  section  of  the  bureau,  the  suggestion  was  made  by  many  in- 
terested parties  that  a  bulletin  be  prepared  giving  some  of  the  fun 
damental  and  most  important  facts  regarding  the  sulphuric  acid 
industry,  including  a  discussion  of  the  technical  features  of  the 
manufacture  of  acid.  During  the  war  the  bureau  received  a  vast 
number  of  inquiries  in  regard  to  various  phases  of  the  industry,  and 
tlii>  fact  also  made  such  a  bulletin  seem  desirable. 

Therefore,  the  present  bulletin  was  prepared  to  cover  the  main 
facts  in  regard  to  the  industry  in  this  country,  including  a  discus- 
sion of  the  supplies  of  sulphur-bearing  raw  materials,  the  situation 
of  the  acid  plants,  the  principal  points  in  regard  to  manufacturing 
processes,  and  the  uses  of  the  acid.  Xo  attempt  has  been  made  to 
discuss  at  length  the  manufacturing  processes,  as  details  differ  more 
or  less  at  the  different  plants  and  in  general  are  carefully  guarded 
by  the  acid  companies.  A  great  deal  of  the  data  given  in  this  bulle- 
tin may  be  found  in  various  publications,  but  this  is  the  first  publi- 
cation in  which  such  data  have  been  assembled  and  made  readily 
available.  Most  of  the  data  were  obtained  directly  from  observation 
and  from  cooperating  acid  companies  or  from  individuals  who  had 
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GENERAL  REVIEW  OF  THE   SULPHURIC  ACID  IN- 
DUSTRY. 

Sulphuric  acid  is  one  of  the  most  important  of  all  chemicals,  not 
only  because  of  the  large  quantities  manufactured,  but  also  because 
of  the  wide  use  of  the  acid  in  many  different  industrial  works.  Sul- 
phuric acid  is  to  the  chemical  industry  what  iron  is  to  metallurgy. 
The  general  public,  however,  does  not  realize  this  fact,  for  sulphuric 
acid  does  not  appear  in  the  finished  product  as  does  iron  or  steel, 
but  is  only  an  intermediate  raw  material,  or  is  only  a  means  to  an 
end.  It  is  essential  in  many  industries,  such  for  example,  as  in 
the  manufacture  of  phosphate  fertilizers,  explosives,  dyes,  petroleum 
products,  of  various  acids  other  than  sulphuric,  of  ammonium  sul- 
phate, aluminum  sulphate,  and  innumerable  other  chemical  and 
metallurgical  products.  In  recent  years  in  the  United  States,  espe- 
cially in  the  East,  the  demand  for  sulphuric  acid  for  chemical  and 
metallurgical  industries  has  been  an  accurate  and  sensitive  barometer 
of  the  general  business  conditions.  This  demand  for  acid  responds 
much  more  quickly  to  a  general  slump  or  boom  in  the  industrial 
world  than  does  the  demand  for  iron  and  steel. 

The  basis  for  the  commercial  manufacture  of  sulphuric  acid  in 
this  country  is  the  conversion  of  sulphur  dioxide  (S02)  to  sulphur 
trioxide  (S03)  and  the  uniting  of  sulphur  trioxide  with  water 
(H20)  to  form  the  acid  (H,S04).  The  sulphur  dioxide  may  be 
formed  by  burning  brimstone,  or  by  burning  iron  pyrites,  and  various 
other  metallic  sulphides.  The  reactions  involved  in  the  manufac- 
ture of  the  acid  are  brought  about  by  two  processes — the  chamber 
process  and  the  contact  process,  both  of  which  will  be  generally  dis- 
cussed in  the  following  pages. 

NOMENCLATURE  OF  SULPHURIC  ACID. 

As  the  specific  gravity  of  sulphuric  acid  can  be  determined  more 

easily  than  the  strength,  acid  weaker  than  93.19  per  cent  H2S04  is 

nearly  always  spoken  of  and  sold  as  being  of  so  many  degrees  Baume, 

the  Baume  hydrometer  being  the  instrument  generally  used  for  de- 
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termining  the  specific  gravity.  The  following  is  a  list  of  the  princi- 
pal commercial  strengths  of  acid,  showing  the  values  in  Baume 
degrees  and  their  H2S04  equivalents  as  agreed  to  by  the  Manufac- 
turing Chemists  Association  in  1882: 

Degrees  Baumf.  Per- cent  BgSOj, 

50 02.18 

GO 77.  07 

00  (Oil  of  vitriol) 03.1!) 

Ajcids  between  93.19  per  cent  H2S04  and  100  per  cent  1I.,S04  are 
spoken  of  as  so  many  per  cent  sulphuric  acid,  100  per  cent  being 
commonly  called   monohydrate. 

S03  dissolves  in  the  monohydrate,  giving  filming  acid  or  "oleum.". 
There  are  three  ways  of  stating  the  strength  of  fuming  acid:  (1) 
The  percentage  of  free  (dissolved)  S03;  (2)  the  percentage  of  total 
SO,;  (3)  the  equivalent  percentage  of  100  per  cent  H2S04 — that  is,' 
the  percentage  of  100  per  cent  H._,S04  the  fuming  acid  would  make  if 
sufficient  water  were  added  to  combine  with  all  the  free  SO:i.  Fori 
example:  Twenty  per  cent  "oleum"  would  contain  20  per  cent  free 
S03  and  80  per  cent  actual  H2S04,  or  would  contain  85.3  per  cent 
SOs,  and  if  sufficient  water  were  added  to  combine  with  all  the  free 
SO,  the  oleum  would  make  104.49  per  cent  of  H2S04. 

There  are  a  number  of  books  giving  formulas  and  tables  for  use  in 
sulphuric  acid  calculations,  and  data  on  the  physical  properties  of 
sulphuric  acid.  One  of  the  most  recent  handbooks  with  such  data 
is  that  prepared  by  Sullivan.0  As  such  complete  tables  and  calcula- 
tions are  already  available  in  the  literature  few  of  these  data  will  be 
duplicated  in  this  bulletin.  However,  the  following  conversion  fac- 
tors are  given  here  for  the  convenience  of  the  reader,  who  may  not 
have  conversion  tables  at  hand : 

1.  Fifty-degree  B.  acid  ("chamber  acid")  contains  50.76  per 
cent  SOa  or  62.18  per  cent  H2S04.  A  stated  weight  of  50°  B.  acid 
multiplied  by  0.8  gives  the  equivalent  weight  of  60°  acid,  or  multi- 
plied by  the  fraction  §  gives  the  equivalent  weight  of  66°  acid. 

2.  Sixty-degree  B.  acid  contains  63.41  per  cent  S03  or  77.67  per 
cent  H2S04.  A  stated  weight  of  60°  acid  multiplied  by  1.25  gives 
the  equivalent  weight  of  50°  acid,  or,  multiplied  by  the  fraction  f, 
gives  the  equivalent  weight  of  66°  acid. 

3.  Sixty-six  degree  B.  acid  ("oil  of  vitriol")  contains  76  per  cent 
S(X  or  93.18  per  cent  H2S04.  A  stated  weight  of  66°  acid  multi- 
plied by  1.2  gives  the  equivalent  weight  of  60°  acid,  and  multiplied 
by  1.5  gives  the  equivalent  weight  of  50°  acid. 

«  Sullivan,  T.  J.,  Sulphuric  Acid  Handbook,  1918,  239  pp. 
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GEOWTH  OF  THE  SULPHURIC-ACID  INDUSTRY  LN  THE  UNITED 

STATES. 

PRODUCTION  DUBING  THE  PERIOD   1865  TO   1914. 

Notwithstanding  the  extraordinary  consumption  due  to  the  de- 
mands of  the  Civil  War  the  production  of  sulphuric  acid  in  this 
country  in  1865  was  only  40,000  tons.a 

The  production  of  acid  increased  gradually  and  steadily  between 
1865  and  1890,  as  shown  by  the  following  figures:6 

Growth   in  production   of  sulphuric  aend  in    United   states.  1865-1890. 

Year.  Production  as  50°  B.  acid  (tons). 

1865 60,  000 

1870 105.  000 

1875 150.  060 

1880 425.  000 

1885 600.  000 

1890 765,  000 

In  the  period  1890  to  1905  many  new  plants  were  put  into  opera- 
tion. In  fact,  in  1900  and  1901  alone  the  capacity  was  increased  by 
37  new  plants,  making  an  additional  capacity  of  between  1,200  and 
1,300  tons  per  day.  By  1900  the  production  was  approximately 
1,600,000  tons,  and  by  1905  the  production  was  considerably  over 
2,000.000  tons  annually. 

The  production  increased  rapidly  during  the  next  four  or  five 
years,  and  by  1909  (according  to  the  census  report)  had  increased 
to  2.750,000  tons,  with  a  total  market  value  of  $15,174,886. 

Beginning  with  the  year  1911  the  United  States  Geological  Survey 
compiled  production  statistics.     The  figures  are  given  below : 

Quantity  and   value  of  sulphuric  acid  produced   in    United   States,  1911-1918. 


Year. 


1911. 
1912. 
1913. 
1914. 
1915. 
1916. 
1917. 
1918. 


Tor -.1  uro-    j 

i  as        Total  value. 

50°  B.  acid.  <* 


2,  700, 000 
2,950,000 
3,575,000 
;;.  800,000 
4,170,000 
6,300,000 
7.200.000 
6  7,450.000 


•«17,369,872 
18;  338, 019 
22*684,536 

■2  S,  479, 927 
32, 657, 051 
73, 514, 126 
87, 540, 1S1 
(c) 


a  These  tonnages  ire  not  exact,  because  there  was  some  doubt  as  to  the  exact  strength  of  certain  small 
quantities  of  high-strensth  acid,  but  are  undoubtedly  within  one-half  per  cent  of  the  actual  tonnages. 
b  From  the  records  of  War  Industries  Board. 
e  Not  determined. 

The  growth  of  the  acid  industry  during  the  year  prior  to  1914  was 
due  very  largely  to  the  growth  of  the   fertilizer  business  in  the 

"  Adams,  W.  H.,  Pyrites  as  a  material  for  the  manufacture  of  sulphuric  acid  :  Jour. 
Anal,  and  App.  Chem..  vol.  5.  Nov..  1891,  pp.  601-615,  Dec,  1891,  661-670 ;  vol.  6, 
.Tan..  1892.  pp.  9-23;  Feb.,  1892,  pp.  73-82;  Mar..  1892,  pp.  142-150.  Production  statis- 
tics, pp.  005,  608. 

6  Census  of  Manufacturers,  Class  1A — Sulphuric,  nitric,  and  mixed  acids :  Bull.  92, 
Bureau  of  the  Census,  1908,  pp.  15-24, 
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South,  and  to  the  increased  amount  of  oil  refining  in  the  East  and 
North.  Ingalls."  estimated  that  of  the  approximately  1,600,000  tons 
of  acid  (50°  B.  basis)  made  in  1900,  800,000  tons,  or  nearly  50  per 
cent,  was  used  in  fertilizers,  and  320,000  tons,  or  20  per  cent,  was  used 
in  oil  refining,  the  remainder,  480,000  tons,  being  used  for  pickling 
steel  and  for  manufacturing  other  acids  and  chemical  products. 
The  consumption  of  nearly  500,000  tons  for  steel  pickling  and 
chemical  manufacture  indicates  the  rapid  growth  of  these  indus- 
tries in  the  last  decade  of  the  nineteenth  century. 

By  1914  the  production  was  more  than  3,500,000  tons,  and  of  this 
amount  approximately  2,200,000  tons  was  being  used  in  the  manu- 
facture of  superphosphate.  No  data  are  available  as  to  the  disposi- 
tion of  the  remainder  of  this  acid  to  the  other  industries  at  that  time, 
but  it  is  estimated  that  the  petroleum  industries  required  about  500,- 
000  tons,  the  iron,  steel,  and  coke  industries  about  300,000,  domestic 
explosives  about  200.000.  and  other  chemical  industries  300,000  tons. 

PRODUCTION   FROM    1914   TO    1917. 

During  the  last  half  of  1914  the  acid  industry  in  the  East  was 
obliged  to  curtail  production,  owing  to  the  general  upset  of  condi- 
tions in  the  industries  caused  by  the  outbreak  of  the  war.     Late  in 

1914  and  early  in  1915,  however,  the  Allies  began  to  place  heavy  con- 
tracts for  manufactured  products  and  munitions,  and  the  demand 
for  sulphuric  acid  rose  by  leaps  and  bounds.  Practically  every  plant 
in  the  East  ran  at  maximum  capacity  during  the  period  from  early 

1915  to  the  time  of  the  signing  of  the  armistice  in  1918.  During 
1915,  1916.  and  1917  many  new  plants  were  built  by  private  con- 
cerns, principally  by  those  concerns  engaged  in  the  manufacture  of 
munitions.  The  production  rose  rapidly  as  shown  by  the  preced- 
ing table.  As  the  increased  demand  was  primarily  for  high-strength 
acid,  many  of  the  new  plants  were  for  the  manufacture  of  acid  by 
the  contact  process.  Much  of  the  66°  B.  acid  required  was  obtained 
by  the  concentration  of  chamber  acid,  new  concentrating  apparatus 
being  installed  at  various  chamber  plants.  The  increase  in  the  pro- 
duction of  66°  or  higher  strength  acid  is  shown  below: 

Production  of  66°  B.  and  htgfter-strengtfi   acid,  expressed  as  tons  of  100  per 

cent  acid. 


Year. 

Ton?. 

1013 

810,000 
720,000 
1,160,000 
1,930,000 
2, 100, 000 
2, 400, 000 

Kill 

I9t5 

1916 

1917.  .  ..            

1918 

"  Ingalls,  W.  R.,  Production  and  consumption  of  sulphuric  acid  in  the  United  States: 
Mineral  Industry,  190G,  vol.  15,  p.  705. 
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THE  INDUSTRY  IS   1918. 

In  the  late  summer  and  early  fall  of  1917,  when  it  became  evident 
that  it  would  be  necessary  to  supply  munitions  to  possibly  several 
millions  of  United  States  troops  in  France,  the  matter  of  obtaining  an 
adequate  supply  of  sulphuric  acid  for  the  production  of  explosives 
became  of  even  greater  importance.  It  was  necessary  for  the  gov- 
ernmental agencies,  especially  the  War  Industries  Board,  to  know 
the  exact  manufacturing  capacity  of  the  country  and  which  plants 
were  being  operated  to  capacity.  This  information  was  to  a  limited 
extent  obtained  through  the  efforts  of  the  subcommittee  on  acids, 
and  the  subcommittee  on  fertilizers  of  the  Committee  on  Chemical.-, 
Council  of  National  Defense.  The  greater  part  of  the  data,  however, 
was  obtained  by  a  survey,  made  late  in  1917,  by  the  Bureau  of  Mines. 

A  -  a  result  of  this  survey  the  rate  of  production  of  acid  during  the 
last  quarter  of  1917  was  determined  to  be  approximately  390,000  tons 
per  month  (basis  100  per  cent  H,S04),  or  approximately  7,500,000 
tons  per  year  (basis  50°  B.).  In  order  to  obtain  this  production 
practically  all  acid  plants  were  being  operated  at  maximum  capacity. 

At  several  of  the  zinc  smelters  where  acid  was  being  made  as  a 
by-product  in  the  roasting  of  zinc  ores,  brimstone  was  being  used  to 
supplement  the  sulphur  in  the  ore,  but  at  most  of  the  zinc  plants  this 
was  not  being  done  because  of  the  peculiar  conditions  of  the  contracts 
under  which  the  acid  was  sold.  As  the  urgent  need  for  more  acid 
became  apparent,  late  in  1917,  these  contracts  were  altered.  From 
January  1,  1917,  to  November  11.  1918,  at  practically  all  the  zinc 
plants  brimstone  was  used  to  supplement  the  zinc  ore,  and  every 
effort  was  made  to  operate  the  chamber  and  contact  plants  to  the 
utmost  capacity.  The  total  acid  manufacturing  capacity  on  January 
1,  1918,  with  the  use  of  brimstone  to  supplement  ores  at  the  zinc 
plants,  was  estimated  to  be  about  427,000  tons  per  month  (basis  100 
per  cent  H2S04),  or  8,200.000  tons  per  year  (basis  50°  B.).  Of  this 
total  capacity.  29  per  cent  was  at  contact  plants  and  71  per  cent  was 
at  chamber  plants.  The  total  capacity  for  the  manufacture  of  66° 
acid — that  is,  the  capacity  of  the  contact  plants  plus  the  capacity  of 
the  plants  for  concentrating  weaker  acid  by  heat — was  about  226,000 
tons  per  month. 

Later  in  1917  it  became  evident  that  the  above  capacity  would  not 
be  adequate  to  meet  the  explosives  program,  with  the  contemplated 
enormous  increase  in  the  production  of  smokeless  powder  and  high 
explosives.  As  private  concerns  were  not  prepared  to  build  enough 
additional  plants  to  supply  the  necessary  acid,  the  War  and  Navy 
Departments  undertook  the  construction  of  Government-owned 
plants,    During  the  first  nine  months  of  1918  additions  were  made 
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to  the  plants  of  several  explosives  companies,  and  of  other  smaller 
producers,  also  the  Government  built  acid  plants  at  a  number  of 
points,  so  that  on  November  11,  the  date  of  the  signing  of  the  armis- 
tice, the  total  actual  manufacturing  capacity  of  the  country  had 
been  increased  to  501,000  tons  per  month  (basis  100  per  cent  H2S04), 
.000  tons  per  year  (basis  50°  B). 

The  Government  avid  plants  comprised  55,000  tons  (basis  100  per 
cent  II2S04)  of  this  capacity;  the  plants  of  the  explosives  manu- 
facturers comprised  58,000  tons,  and  the  remainder,  388,000  tons, 
was  the  capacity  of  the  plants  owned  by  the  commercial  manufac- 
turers of  fertilizers,  chemicals,  and  metallurgical  by-products.  Of 
this  total  capacity,  40  per  cent  was  at  contact  acid  plants  and  60  per 
cent  at  chamber  plants. 

In  addition  to  the  above,  at  the  time  of  the  signing  of  the  ar- 
mistice there  was  under  construction  plants  which  would  have  had  a 
capacity  of  about  37.000  tons  per  month  (basis  100  per  cent  H2S04). 
These  plants  were  in  all  stages  of  construction,  from  the  point  of 
just  being  started  to  approximate  completion.  "Work  on  these  plants 
was  immediately  discontinued  and  they  are  not  included  in  the  fol- 
lowing discussions. 

ZONAL   DISTRIBUTION. 

In  order  to  show  in  more  detail  the  manufacturing  capacity  in  dif- 
ferent sections  of  the  country,  the  acid  plants  have  been  segregated 
into  six  zones,  shown  on  the  accompanying  map  (fig.  1),  as  follows: 

Zone  1. — Includes  all  of  Xew  England,  the  New  York  City,  Phila- 
delphia, and  Baltimore  districts,  and  also  all  of  Virginia. 

Zone  2. — Includes  all  of  the  State  of  Xew  York  outside  of  a  radius 
of  50  miles  of  Xew  York  City,  all  of  Pennsylvania  except  the  ex- 
treme eastern  part — that  is,  outside  of  a  zone,  say,  50  miles  west  from 
the  Delaware  River — "West  Virginia,  Ohio,  eastern  Kentucky,  and 
lower  Michigan. 

Zone  3. — Includes  western  Kentucky  and  western  Michigan,  all 
of  Indiana,  Illinois,  Missouri,  "Wisconsin,  Iowa,  and  Minnesota.  In 
this  district,  of  course,  the  acid  plants  are  principally  at  the  zinc 
plants  in  Illinois  and  in  the  Chicago  district.  The  plant  at  Argen- 
tine, Kans.,  is  included  in  this  zone. 

Zone  Jf. — Includes  all  the  South — that  is,  south  of  the  southern 
boundaries  of  North  Carolina,  Tennessee,  and  Arkansas  and  east  of 
Ol;!ahoma  and  the  Sabine  River,  Texas. 

Zone  5. — Includes  all  the  territory  between  zones  3  and  1  and  the 
Pacific  Coast  States,  which  comprise  zone  6. 

Zone  6. — Includes  the  Pacific  Coast  States. 
147955°— 20 2 
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Although  the  boundaries  of  these  zones  were  rather  arbitrarily 
chosen,  they  are  to  a  considerable  degree  logical  divisions.  In  zones 
.1  and  2  the  acid  is  manufactured  for  a  wide  variety  of  purposes, 


f  as  these  zones  cover  primarily  the  largest  manufacturing  centers  of 
the  country.  In  zone  3  the  production  is  essentially  a  by-product 
from  zinc-smelting  operations,  although  some  acid  is  made  by  com- 
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mereial  concerns  in  Chicago  and  St.  Louis.  The  production  in 
zone  4  is  essentially  for  the  fertilizer  industry.  That  of  zone  6  is 
essentially  for  the  oil  refining  and  explosives  manufacturing  indus- 
tries of  California,  although  some  of  the  weak  acid  is  used  for 
fertilizers.  These  features  will  be  shown  in  more  detail  later,  as 
the  uses  of  the  sulphuric  acid  are  discussed. 

The  capacities  in  these  several  zones  in  November,  1918,  are  given 
below : 

Sulphuric  avid  manufacturing  oapoc&ties. 


Zone. 

Total  capacit  y. 

Percent- 
age of 
totalacid 
capacit  y. 

Tons  per 
month,  ex- 
pressed !1S 
100  per  cent 

n',.so4. 

Tons  per 
year,  ex- 
pressed as 
50°  B.  acid. 

l 

191,000 
85,300 

114,000 

23, 350 
22,150 

3, 665, 000 
1,630,000 
1, 280)000 

2, 190, 000 
448, 000 
425,000 

38.0 
17.4 
13.0 
22.6 
4.6 
1.4 

2 

3 

4 

5.  . 

6 

Total 

51)1,000 

9,618,000 

100.0 

The  contact  acid  capacity  was  distributed  as  follows: 
Capacities  of  contact  acid  plant*. 


Zone. 

Capacity,  tons     Percentage 
per  month,  as         ol total 
100  per  cent           contart 
HaSO*.            capacity. 

1 

82,440                    41.2 
36,700                    18.3 
27,100                    13.5 
30,000                    15.0 
5,300                     2.6 
18,850                      9.4 

2 

3 

4 

5 

6 

Total 

200,390                  100.0 

The  chamber  capacity  was  distributed  as  follows 
Capacity  of  chamber  plants. 


Zone. 

Tons 
per  month, 
expressed  as 
50°  B.  acid. 

Percent  ape 
of  total. 

1 

175,000 
77, 200 
61,000 

134,500 

LN.MH) 

5,300 

36.4 
16.0 
12.6 
27.9 
6.0 
1.1 

2 

3 

4 

5 

6 

Total 

481,800 

100.0 
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The  total  capacity  was  divided  between  (1)  Government  plants. 
(2)  plants  owned  by  munitions  explosives  companies,  and  (3)  com- 
mercial, fertilizer,  and  by-product  acid  plants  in  the  second  zone, 
as  follows: 

Acid-manufacturing  capacity  bi;  types  of  ownership. 

LTons  Per  month  expressed  as  100  per  cent  H2SO«. 


Zone. 

At 

government 

plants. 

At 
explosives 

companies 
plants. 

At  com- 
mercial- 
acid  manu- 
facturers' 
plants. 

1 

3,800 
21,200 

40,800 

146,400 
64,200 
56,000 
84,000 
22.600 
14;  800 

2 

3 

9,200 

4 

30,000 

660 
7,350 

6 

Total 

55,000 

58,  C30 

338,000 

The  actual  production  of  acid  during  the  year  1918  was  1,650.000 
tons  on  the  basis  100  per  cent  H2S04,  or  7,450,000  tons  on  the  basis 
50°  B.  In  October  the  rate  of  production  had  increased  to  130,000 
tons  per  month  (basis  100  per  cent  H2S04),  or  8,250,000  tons  per 
year  (basis  50°  B.).  The  production  of  high-strength  acid — that  is, 
66°  acid  or  higher— was  2,430,000  tons  (basis  100  per  cent  H2S04). 
In  October  the  rate  of  production  was  230,000  tons  per  month,  or 
2,760,000  tons  per  year  (basis  100  per  cent  H2SOJ.  During  1918 
the  average  rate  of  production  of  the  plants  was  not  greater  than 
90  per  cent  of  the  rated  capacities,  although  many  plants  were 
actually  operating  at  above  their  rated  capacities.  Adverse  fuel, 
labor,  and  transportation  conditions  during  the  greater  part  of  the 
year  tended  to  reduce  production  at  many  plants  in  the  East  and 
North. 

LIST  OF  PLANTS. 

The  plants  in  the  different  zones  are  listed  in  the  following  table : 
List  of  sulphuric  acid  plants  in   United  States,  Jan.  1,  1919. 

DISTRICT   1. 


Company. 

Localitv  of  plant. 

Character  of  plant. 

Town. 

State. 

Naugatuck  Chemical  Co 

Naugatuck 

Connecticut 

do 

Chamber. 

Do. 

Clavmont 

Baltimore 

..do 

Chamber  (3  plants). 

.:... do.. ..:;::;:::: 

.do.... 

....do 

Do. 

do 

do 

Do. 
Do. 
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List  (>f  sulphuric  acid  plants  in  United  States,  Jan.  J,  1919 — Continued. 


Company. 


Locality  of  plant. 


Town. 


Character  of  plant. 


Grifflth-Boyd  Co 

on  Chemical  Co 

'  ounds. 
■  hemical  Co.. 


Baltimore Maryland. 

do ! do 

Elkton do 

[ndianhead do 

rerryville do 


Lowell  Pert  ilizer  Co Boston 

Merrimac  Chemical  Co Everetl 

Butterworth  Jodson  Corporation Medford 

ricultural  Chemical  Co North   Wey- 
mouth. 

•  bemical  Co Tewksbury  — 

M  errimac  chemical  Co "W  oburn 


Cenerai  Chemical  Co 

lard  Oil  Co 

Calco  i  'hemical  Co 

King  <  bemical  Co 

1  Chemical  Co 

American  Agricultural  Chemical  Co. 

Do 

Armour  Fertiliser  Works 

Franklin  Kalbfleisch  Corporation 

American  Agricultural  Chemic 

i  <'o 

E.  1.  tin  1'iint  de  Nemours  &  Co 

Do 

Grasselli  Chemical  Co 

Mut  ual  Chemical  Co 

Hercules  Powder  Co. 

American  Smelling  &  Refining  Co.. 
Butterworth  Judson  Corporation 

Do 

Harrison  Bros.  (Inc.) 

Do 

E.  I.  du  Pont  de  Nemours  &  Co 

American  Cyanamid  Co 

Atlas  Powder  Co 


Franklin  Kalbfleisch  Corporation. 

Robinson  Bros 

General  Chemical  Co 


Trojan  Chemical  Co 

Chas.  Lennig  A:  Co 

Harrison  Bros 

Do 

I.  P.  Thomas  &  Sons 

Pennsylvania  Salt  Manufacturing  Co. 
1  'ewers- Weight  cn-R  osongart  en  Co 


United  Oas  Improvement  Co. 

New  Jersey  Zinc  Co 

Atlas  Powder  Co 

York  Chemical  Co 


American  Agricultural  Chemical  Co. 

E.  I.  du  Pont  de  Nemours  &  Co 

Yirginia-Caroiinn  Chemieal  Co 

Robertson  I  

F.  S.  Royster  Guano  Co 

General  Chemical  Co 

Virginia-Carolina  (  bemical  Co , 

Do 

Do 

Richmond  Guano  Co 


Rayon no 

do 

Boundbrook. 

....do 

Camden 

Carteret 

Chrome 

do 

Elizabeth 

Flizabethport... 

Edge  water 

Deepwater  Point 

Gibbstown 

Grasselli 

Jersey  City 

Kenville 

Maurer 

Newark 

do 

do 

Paulsboro 

Pennsgrove 

Wai  ners 

Hopatcong 


Brooklyn. . 

do." 

Laurel  Hill. 


Massachusetts. 

do 

do 

do 


.do. 
.do. 


Allentown... 
Bridesburg... 
Philadelphia. 

....do 

....do 

....do 

....do 


Point  Breeze. 
Palmerton . . . 

Tamaqua 

York 


New  Jersey 

....do 

....do 

....do 

....do 

....do 

....do 

....do 

....do 

....do 

....do 

....do 

....do 

....do 

....do 

....do 

do 

do 

do 

do 

do 

do 

do 

do 


New  York. 

....do 

....do 


Pennsvlvanla. 

do'. 

do 

do 

do 

do 

do 


Alexandria 

Hopewell 

Lynchburg 

Norfolk 

do 

Pulaski 

Pinners  Point. 

Richmond 

do 

do 


.do. 
.do. 
.do. 
.do. 


Virginia. 
....do... 
....do... 


.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 


Chamber. 
Do. 
Do. 

Contact. 
Chamber. 

Do. 
Chamber  and  contact 
Chamber. 

Do. 

Do. 
Chamber  and  contact. 

Contact. 

Chamber  and  contact. 

Contact. 

Chamber. 

Contact. 

Chamber. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Chamber  and  contact 
Chamber. 
Contact. 
Chamber. 

Do. 
Contact. 

Do. 

Do. 
Contact. 
Chamber. 
Contact. 

Chamber. 
Do. 

Contact. 

Chamber. 

Do. 

Do. 
Contact. 
Chamber. 

Do. 

Do. 

Do. 
Contact. 

Do. 
Chamber. 

Do. 
Contact. 
Chamber. 

Do. 

Do. 
Contact. 
Chamber. 

Do. 

Do. 

Do. 


DISTRICT  2. 


American,  Agricultural  Chemical  Co. 

Contact  Process  Co 

C.  eneral  Chemical  Co , 

Titanium-Alloy  Manufacturing  Co. . 
Eastman  Kodak  Co 


Grasselli  Chemical  Co Canton  — 

Do i  Cleveland . 


Buffalo 

....do 

....do 

Niagara  Falls. 
Rochester 


New  York. 

....do 

....do 

....do 

....do 


Ohio... 
do. 


Chamber. 

Chamber  and  contact. 

Contact. 

Do. 

Do. 

Chamber. 
Do. 
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Company. 

Locality  of  plant. 

Character  of  plant. 

Town. 

State. 

.do 

Ohio 

Contact. 

do 

Chamber. 

Do                                     

do 

Do. 

..   ..do 

do 

Do. 

.  ..do 

do 

Do. 

do 

Do. 

..do 

do 

Do. 

.... 

Do. 

Do                                 

Do. 

Tiltonville 

Contact. 

do 

Chamber. 

do 

Do. 

do 

Do. 

Do. 

do 

Do. 

Erie      

do 

Do. 

do 

Do. 

Pennsylvania  Salt  Manufacturing  Co 

do 

Chamber  and  contact. 

do 

Chamber. 

do 

Contact. 

do 

Chamber. 

do 

Do. 

Fairmount 

Moundsville    . . . 
Nitro       

Do. 

United  Zinc  Smelting  Corporation 

United    States    Government    Smokeless 
Powder  Plant. 

do 

Do. 

Contact. 

DISTRICT  3. 


Hegeler  Zinc  Co 

New  Jerse y  Zinc  Co 

Victor  Chemical  Co 

Commercial  Acid  Co 

Do 

American  Zinc,  Lead  &  Smelting  Co. 
Do 


Robert  Lanyon  Zinc  &  Acid  Co. 
Matthiesseri  &  Hegeler  Zinc  Co. 

Illinois  Zinc  Co 

General  Chemical  Co 

Central  Chemical  Co 


Grasselli  Chemical  Co 

Do 

E.  Rami  &  Sons  Fertilizer  Co. 

Detroit  Chemical  Co 

Cleveland  Cliffs  Iron  Co 


Atlas  Powder  Co 

New  Jersey  Zinc  Co 

E.  I.  duPont  de  Nemours  &  Co. 

Vinegar  Hill  Mining  Co 

Wisconsin  Zinc  Co 


Danville 

Depue 

Chicago  Heights 
East  St.  Louis... 

do 

do 

Hillsboro 


do 

LaSalle 

Peru 

South  Chicago... 
West  Hammond 


Grasselli. 
do... 


Indianapolis. 

Detroit 

Marquette... 


Atlas 

Mineral  Point . . 

Barksdale 

Plattevillea 

New  Diggings  o. 


Illinois. 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 


.do. 
.do. 

.do. 
.do. 
.do. 


Indiana. 

do... 

do... 


Michigan. 
do 


Missouri . . . 
Wisconsin. 

do 

do 

do 


Chamber. 

Contact. 

Chamber. 

Do. 
Contact. 
Chamber. 

Do. 

Do. 

Do. 

Do. 
Contact. 
Chamber. 

Do. 
Contact. 
Chamber. 

Do. 

Do. 

Contact. 
Do. 
Do. 
Do. 
Do. 


1  Not  completed. 
DISTRICT  4. 


Jefferson  Fertilizer  Co 

Grasselli  Chemical  Co 

Virginia-Carolina  Chemical  Co. 

Do 

Home  Guano  Co 

Virginia-Carolina  Chemical  Co. 


Alabama  Chemical  Co 

American  Agricultural  Chemical  Co. 

Virginia-Carolina  Chemical  Co 

Roanoke  Guano  Co 

Virginia-Carolina  Chemical  Co 

Planters'  Chemical  &  Oil  Co 

Standard  Chemical  &  Oil  Co 


Bessemer 

Birmingham . 

do 

Dothan 

do 

Mobile 


Montsomerv . 

do 

Opelika 

Roanoke 

Selma 

Talladega 

Troy 


Alabama. 

do.... 

do.... 

do.... 

do.... 

do.... 


.do. 
.do. 

..in. 
.do. 

.do. 
.do. 
.do. 


Chamber. 
Do. 
Do. 
Do. 
Do. 
Do. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


REVIEW   OF   THE    INDUSTRY.  15 

of  sulphuric  acid  pkmts  in  United  States,  Jan.  I.  19i9— Continued. 


Company. 


of  plant. 


Town. 


State. 


Character  of  plant. 


lern  Sulphur  Oil  Co 

Empii  oicalCo 

1  o 

Moni-  Co 

'  ilina  Chemical  Co. 
Do 


Bouthera  States  Phosphate  &  Fertilizer  Co. 

Blackshear  Manufacturing  Co 

Mandei  ill<  Mills 

Home  Mixture  Guano  Co 

Southern  Sulphur  Ore  Co 

Virginia-Carolina  Chemical  Co 

Furman  Farm  Improvement  Co 

Troup  Co 

Cotton  Stales  Peed  &  Fertiliser  Co 

Guano  Co 

deal  Co 

Carolina  Chemical  Co 

Do 

o 

Americ:  A  Chemical  Co 

Mutual  Fertiliser  Co 

Ding  Co 

The  Reliance  FertilizerCo 

Ba  n  nnah  ( i  i  lano  Co 

Southern  Fertiliser  &  Chemical  Co 

Virginia-Carolina  Chemical  Co 

Georgia  Fertilizer  &  Oil  Co 


Albany 



Atlanta 



do 

....do 

i 


do 

i  irrolltan.. 

Columbus.. 

do 

do 

I'oint. 

Lagrange. . . 

Macon 

do 

do 

do 

Rome 

Celhain 

Savannah.. 

do 

do 

do 

do 

do 

do 

Yaldosta... 


Barker  Chemical  Co 

Armour  Fertilizer  Works 

Wilson  fi  Toomer  Fertilizer  Co 

American  Agricultural  Chemical  Co. 

E.  O.  Painter  FertilizerCo 


Dunnellton.. 
racksonville. 

do 

l'ensacola — 
Jacksonville. 


Gretna 

New  Orleans. 
SnreVeport. . . 

New  Orleans. 


T'nion  Seed  &  Fertilizer  Co 

Planters  Fertilizer  &  Chemical  Co. . . 

Virginia-Carolina  Chemical  Co 

Swift  &  Co 

Oulfport  Fertilizer  Co Gulfporl 

Meridian  Fertilizer  Factory ;  Ilattiesburg 

Do !  Meridian. . . 

Jackson 

Tupelo 

Acme 

Charlotte. . 

do 

Durham. .. 

Selma 

Wadesboro. 


Jackson  Fertilizer  Co. 

Tupelo  Fertilizer  Co 

Acme  Manufacturing  Co 

McCabe  chemical  Co 

Virginia-Carolina  Chemical  Co. 

Do 

Do 

Do 


Virginia-Carolina  Chemical  Co.  (Almont 

works). 
Virginia-Carolina  Chemical  Co.  (Navassa 

works). 

Virginia-Carolina  Chemical  Co 

Caraleigh  Phosphate  &  Fertilizer  Weeks., 

American  Agricultural  Chemical  Co 

Swift  Fertilizer  Works 


Anderson  Phosphate  &  Oil  Co 

Virginia-Carolina  Chemical  Co 

Do 

Virginia-Carolina  Chemical  Co.  (Standard 
works). 

Virginia-Carolina  Chemical  Co 

Do 

Virginia-Carolina    Chemical  Co.   (A.  C. 
Stone). 


American  Agricultural  Chemical  Co. 

Do 

Etlwam  Fertilizer  Co 


Wilmington. 
do...... 


Winston-Salem. 

Raleigh 

Wilmington 

do 


Anderson.. 
Blaeksburg. 

do..... 

do 


Greenville. 
Pon  Pon... 
Charleston. 


....do.. 
....do,. 

do.. 

....do.. 

....do.. 
do.. 


.do 
.do. 
.do. 
.do. 

.do. 
.do. 

.do. 

do. 
.  lo. 
.do. 


.do. 
.da. 

.do. 
.do. 

.do. 

.do. 
.do. 
.do. 


Florida. 
....do.. 

.....lo.. 
do.. 


Louisiana 

do 

do 

do 

i !  >pi 

do 

do 

do 

do 

North  Carolina. 

do 

do 

do 

do 

do 


.do. 
.do. 


..do. 
..do. 
..do. 
..do. 


South  Carolina. 

do 

do 

....do 


.do. 
.do. 


Columbia do. 

Charleston do. 

do I do. 


Chamber. 

Do. 
Do. 
Do. 
Do. 
Do. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do, 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Do. 
Do. 
Do. 
Do. 
Do. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Do. 

Do. 

Do. 

Do. 
Do. 
Do. 

Do. 
Do. 
Do. 
Do. 

Do. 
Do. 
Do. 


Do. 
Do. 
Do. 
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Company. 


Locality  of  plant. 


Town. 


State. 


Character  of  plant. 


Mavbank  Fertilizer  Co 

McCabe  Chemical  Co 

Planters  Fertilizer  &  Phosphate  Co. 
Read  Phosphate  Co 


Charleston. 

do 

do 

do 


South  Carolina. 

do 

do 

do 


Rovster  Guano  Co 

Tennessee  Copper  Co 

Ducktown  Sulphur,  Copper  &  Iron  Co 

Virginia-Carolina  Chemical  Co 

Armour  Fertilizer  Works 

Federal  Chemical  Co 

Read  Phosphate  Co •. 

U.    S.    Government    Smokeless    Powder 
Plant. 


Columbia . . 
Copperhill. 
Isabella. .. 
Memphis.. 
Nashville. 

do.... 

.....do 

do 


do 

Tennessee. 

do 

do 

do 

do 

do.... 

do.... 


Chamber. 
Do. 
Do. 
Do. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Contact. 


DISTRICT  5. 


Commercial  Acid  Co 

Arkansas  Fertilizer  Co 

Ellory  Davis  Corp.  (U,  S.  Government). 
Calumet  <fc  Arizona  Mining  Co 


Western  Chemical  Manufacturing  Co. 

Do 

E.  I.  duPont  de  Nemours  Co 

National  Zinc  Co 

Anaconda  Copper  Mining  Co 

E.  I.  du  Pont  de  Nemours  &  Co 

Mid  Continental  Chemical  Co 


Armour  Fertilizer  Works 

Gulf  Refining  Co 

Commercial  Acid  Co 

Sugarland  Manufacturing  Co 

Hercules  Powder  Co 

Garfield  Chemical  Manufacturing  Co. 


Augusta Arkansas. 

Little  Rock I do. .. 

do | do. . . 

Douglas Arizona.. 


Colorado. . 

do 

do.... 

Kansas 

Montana.. 
do 

Oklahoma. 


Denver 

do 

Louviers 

Argentine 

Anaconda 

Ramsay 

Sand  Springs... 


Houston 

Port  Arthur . 
do 

Sugarland. . . 
Bacchus. . .. 
Garfield 


Texas.. 

do. 

do. 

do. 

Utah... 
do. 


Chamber. 
Do. 
Do. 
Do. 

Do. 
Contact. 

Do. 
Chamber. 

Do. 
Contact. 
Chamber. 

Do. 
Contact. 

Do. 
Chamber. 
Contact. 
Chamber 


DISTRICT  6. 


General  Chemical  Co.  of  California . . 
American  Agricultural  Chemical  Co 

Mountain  Copper  Co.  (Ltd.) 

Barbour  Chemical  Works 

Hercules  Powder  Co 

Standard  Oil  Co.  of  California 

Stauffer  Chemical  Co 

Pacific  Guano  &  Fertilizer  Co 

E.  I.  du  Pont  de  Nemours  Co 


Bay  Point I  California. 

Los  Angeles j do. 

Martinez 

Melrose 

Pinole 

Richmond 

San  Francisco. 

Stege 

Du  Pont 


.do 

.do 

.do 

.do 

do 

do 

Washington. 


Contact. 
Chamber. 

Do. 

Do. 
Contact. 

Do. 
Chamber. 

Do. 
Contact. 


CAPACITY   OF   COMMERCIAL,    FERTILIZER,   AND   BY-PRODUCT 
PLANTS,  JANUARY  1,  1919. 

Within  a  short  period  after  the  signing  of  the  armistice  the  Gov- 
ernment plants  and  many  of  the  munitions  explosives  companies' 
plants — that  is,  plants  making  acid  solely  for  war  munitions — 
stopped  work.  All  of  the  commercial  and  by-product  plants  that  had 
been  using  brimstone  to  supplement  their  production  from  pyrite  or 
zinc  ores  ceased  doing  so  and  returned  to  the  normal  methods  of 
operation. 


!  BW   OF  THE   INDUSTRY. 
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If  the  Government  plants  be  eliminated  and  those  plants  built  by 
explosives  companies  between  L915  and  L918,  which  will  not  continue 
to  be  operated,  the  situation  as  regards  potential  capacity  on  January 
1,  1919,  was  about  as  follows: 

Capacity  of  commercial  fertilizer  and  by-product  plants,  -January  l,  1919. 

[Tons  por  month.] 


Zone. 

Chamber          °$$* 

fJsonn        (as  100  per 
(ai,5U  ">■     cent H,S04). 

Total 'a- 

100  percent 

H^304). 

1 

164,000              44,800 
77,000             ir>.:;iK) 
01,000               19,000 

134,000 

147,300 
63,400 
57,100 
83,700 
22,800 
14,100 

•> 

3 

4 

20,000                4,700 
5,000              11,000 

6 

Total 

470, 000              94, 800 

388,400 

USES  OF  SULPHURIC  ACID. 

Sulphuric  acid  is  used  in  the  chemical  and  metallurgical  industries 
of  this  country  in  so  many  ways  that  the  compilation  of  a  complete 
li^t  of  its  uses  would  be  a  difficult  task.  Therefore,  only  the  more 
important  uses  are  given  in  the  following  resume : 

1.  Dilute  acid — that  is,  60°  B.  (78  per  cent  H.,S04)  acid,  or 
weaker — is  used  in  the  manufacture  of  superphosphates,  ammonium 
sulphate,  and  sulphates  of  metals  (magnesium,  aluminum,  iron,  zinc, 
copper)  ;  in  precipitating  barium  and  calcium  sulphate  for  chemical 
purposes;  in  the  manufacture  of  mineral  acids  (nitric,  hydrochloric, 
boric,  carbonic,  and  chromic)  and  various  organic  acids  (oxalic,  tar- 
taric, citric,  acetic,  and  stearic)  ;  in  pickling  sheet  iron  for  tinning 
and  galvanizing;  in  various  metallurgical  operations;  in  the  produc- 
tion of  copper,  zinc,  nickel,  silver,  and  gold;  for  various  types  of 
galvanic  batteries,  storage  batteries,  electroplating;  in  the  manufac- 
ture of  ether ;  in  making  and  purifying  many  organic  coloring  mat- 
ters;  in  making  starch,  sirup,  and  sugar;  and  in  innumerable  other 
chemical  and  industrial  operations. 

2.  Concentrated  acid— that  is,  acid  60°  B.  (78  per  cent  PLSOJ  to 
100  per  cent  H2S04 — is  used  for  purifying  benzene,  petroleum,  par- 
affin oil,  and  other  mineral  oils;  for  manufacture  of  nitroglycerin, 
pyroxylin,  nitrobenzene,  picric  acid,  and  various  other  nitric  com- 
pounds and  nitro  ethers;  and  in  the  manufacture  of  the  fatty  acids 
by  distillation. 

3.  Fuming  acid  (oleum)  is  used  principally  for  the  manufacture 
of  various  forms  of  explosives,  as  nitrocellulose,  trinitrotoluol,  picric 
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acid,  nitroglycerin;  manufacture  of  certain  or-gano  sulphuric  acids;1 
and  for  fortifying  weaker  acids. 

Of  all  the  uses,  the  following  take  the  greatest  tonnage  of  acid: 
(1)  Manufacture  of  phosphate  fertilizer;  (2)  refining  of  petroleum 
products;  (3)  pickling  of  iron  and  steel;  (4)  manufacture  of  nitro- 
cellulose, nitroglycerin,  celluloid,  etc.;  (5)  general  chemical  and 
metallurgical  operations. 

DISTRIBUTION  OF  ACID  IN  THE  INDUSTRIES. 

During  June,  July,  and  August,  1918,  a  comprehensive  study  of 
the  uses  of  sulphuric  acid  in  the  various  industries  was  undertaken 
by  the  Bureau  of  Mines.  Data  on  the  contracts  of  the  acid  manu- 
facturers with  the  consumers,  shipments  to  consumers,  and  the 
amounts  used  for  various  purposes  b}T  the  manufacturers  themselves 
during  that  period  were  obtained.  With  this  information,  covering 
the  consumption  of  the  390,000  tons  of  acid  (basis  100  per  cent 
H2S04),  and  the  average  consumption  per  month  during  these 
months,  the  data  shown  in  Table  1  were  tabulated.  The  table  gives 
the  distribution  of  acid  to  various  uses  for  the  whole  country  during 
the  period  June  to  August,  1918. 

Table  1. — Distribution  of  sulphuric  acid  in  the  industries,  summer  of  J918. 


Industry. 


Acid  used, 
tons  per 
month 
(reduced 
to  basis  of 
100  per 

cent 
H2SO<). 


Tons  per 
year  (re- 
duced to 

50°  B. 

basis). 


Percent- 
age of 
total 
acid 
used. 


1 .  Explosives  (military  and  domestic) 

2.  Fertilizers 

3.  Oil  refineries 

4.  Chemicals,  drugs,  and  ammonium  sulphate 

5.  Steel  pickling  and  galvanizing 

«i.  Fabrics  textiles,  etc 

7.  Paints,  lit hopone,  glue,  etc 

8.  Metallurgical,  including  storage  batteries. . . 
ft.  Miscellaneous 

Total 


140,000 

111,000 

35,000 

38,500 

36, 500 

5,200 

5,  300 

15.  200 

3;  800 


2,700,000 
2,130,000 
671,000 
740,000 
700, 000 
100,000 
104,000 
292,000 
73,000 


390.500 


7,510,000 


36.0 
28.4 
8.8 
9.9 
9.3 
1.3 
1.4 
3.9 
1.0 


This  table  shows,  eliminating  the  acid  used  for  munitions  and  ex- 
plosives, and  allowing  about  10,000  tons  per  month  for  domestic  ex- 
plosives, an  indicated  requirement  for  normal  peace  industries  of 
possibly  260,000  tons  per  month  (basis,  100  per  cent  H2S04),  or  about 
5.000.000  tons  per  year  (basis,  50°  B.). 

Prior  to  the  war  the  consumption  of  acid  for  phosphate  fertilizer 
was  about  2,300.000  tons  (basis,  50°  B.).  Up  to  June,  1919,  the 
consumption  of  acid  for  phosphate  fertilizers  has  been  more  than 
2,500,000  tons,  or  more  than  50  per  cent  of  the  total  production,  and 
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'the  consumption  fe  without  doubl   going  fco  ineri  ear  by  year. 

only   is  the  use  of  phosphate  fertilizer  si  ill   increasing  in  the 
th,  liiu  if  is  beginning  to  be  an  important  factor  west  of  the  Mis- 
pi  River.     Phe  gradual  increase  in  consumption  of  phosphate 

fertilizers  in  the  Middle  "West  and  western  Slates  will  bring  into 
fcence  acid  and  phosphate-fertilizer  plants  in  connection  with  the 
smelters  in  "Montana  and  Utahj  where  much  waste  gas  is  available. 
is  in  Montana  and  Utah  should  fee  in  position  to  make 
phosphate  fertilizer  for  the  western  markets — that  is,  west  of  the 
M  tssippi  River  and  north  of  St.  Louis.  In  southeastern  Idaho, 
northeastern  Utah,  and  southwestern  Wyoming  there  is  plenty  of 
high-grade  phosphate  rock  which  can  be  mined  at  a  comparatively 
low  cost.  The  freight  rate  on  acid  phosphate  rock  or  phosphate  fer- 
tilizer to  the  district  in  question  should  be  no  greater  from  Montana 
or  Utah  than  from  possible  southern  or  eastern  producing  points,  so 
that  no  freight-rate  handicap  will  exist.  As  a  matter  of  fact,  freight 
rates  will  be  such  a  large  item  in  the  cost  of  the  phosphate  fertilizer 
in  this  districl  that  it  will  probably  be  desirable  to  manufacture  and 
ship  into  this  district  a  high-grade  material  that  can  be  diluted,  again 
at  (he  point  of  consumption  if  necessary.  One  of  the  western  smelters 
is  now  planning  to  enter  this  district  with  a  high-grade  product,  and 
it  is  believed  that  such  an  industry  will  ultimately  grow  to  enormous 
proportions. 

The  acid  being  used  for  fertilizers  is  nearly  all  chamber  acid.  In 
the  South  at  most  plants  the  plant  for  acidulating  the  phosphate 
rock  is  in  close  proximity  to  or  is  a  part  of  the  acid  plant,  and  little 
transportation  of  acid  is  involved,  the  acid  being  pumped  directly 
from  the  chambers  or  storage  tank  to  the  acidulating  tank.  When 
acid  is  shipped  to  the  fertilizer  plant  it  is  usually  shipped  as  60°  B. 
acid. 

Approximately  1  ton  of  acid  (50°  B.  basis)  is  required,  to  treat  1 
ton  of  phosphate  rock  to  produce  the  ordinary  superphosphate. 

The  acid  used  for  refining  petroleum  is  practically  all  00°  B.  acid. 
"Weaker  acid  is  not  satisfactory  as  it  will  not  enter  into  the  reactions 
involved  in  decolorizing  and  deodorizing  of  the  oils  by  removal  of 
part  of  the  unsaturated  hydrocarbons.  In  a  few  instances  where 
weaker  acid  might  possibly  be  used,  so  much  more  of  it  would  be  re- 
quired to  obtain  the  results  obtainable  with  the  00°  acid  that  its  use 
is  not  economical.  In  petroleum  refining,  fuming  sulphuric  acid  is 
used  exceptionally;  its  principal  and  practically  only  use  is  by  certain 
eastern  oil  refineries  in  the  preparation  of  colorless  and  odorless  oil 
(nujol).  "When  fuming  acid  is  used,  sulphonates  are  obtained,  known 
as  "  Twitchell's  reagent." 

The  amount  of  acid  used  per  gallon  of  refined  product  vari  s 
primarily  with  the  character  of  the  crude  oil  aiid  also  with  the  r<^ 
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fining  methods  employed.  In  the  manufacture  of  gasoline,  the  gen- 
eral consumption  varies  between  0.01  and  0.15  pound  of  acid  (gravity, 
G6°  B.)  per  gallon,  with  an  average  of  perhaps  0.10  pound.  For  re- 
fined oils,  such  as  kerosene  and  illuminating  oils,  the  consumption  is 
between  0.06  and  0.20  pound  of  acid  per  gallon,  with  an  average  of 
about  0.12.  In  the  manufacture  of  lubricating  oils,  the  consumption 
varies  from  0.08  to  0.80  pound  per  gallon:  the  average  is  difficult  to 
estimate,  being  perhaps  0.10  pound  of  acid  per  gallon  of  oil. 

Approximate  average  figures  for  the  distribution  of  the  acid  con- 
sumer by  refiners  among  gasoline,  kerosene,  and  lubricating  oils 
throughout  the  United  States,  as  estimated  by  the  petroleum  division 
of  the  Bureau  of  Mines,  are  as  follows:  Gasoline,  35  per  cent;  kero- 
sene, 25  per  cent;  and  lubricating  oils,  40  per  cent. 

The  figures  for  the  large  and  complete  eastern  refineries  are  prob- 
ably more  like  the  following:  Gasoline,  20  per  cent;  kerosene,  20  per 
cent;  lubricating  oils,  60  per  cent. 

In  the  manufacture  of  explosives,  sulphuric  acid  is  used  for  two 
purposes:  (1)  For  the  production  of  nitric  acid  or  mixed  acids  used 
in  nitrating  the  organic  bodies — that  is,  cellulose,  toluol,  phenol,  etc. — 
and  (2)  as  a  rehydrating  agent.  For  nitrating  purposes  66°  B.  acid 
is  usually  used,  but  stronger  acids  are  required  for  delvydrating  pur- 
poses. The  consumption  of  acid  in  domestic  commercial  explosives 
is  about  1.6  pounds  of  acid  per  pound  of  nitroglycerin  contained 
therein.  The  estimated  consumption  in  manufacturing  domestic  ex- 
plosives is  about  7,500  tons  of  acid  per  month  (basis,  100  per  cent 
H2S04).  In  the  manufacture  of  military  explosives  the  net  con- 
sumption of  acid  varies  greatly,  according  to  the  efficiency  of  opera- 
tion of  the  plant  and  the  amount  of  acid  recovered.  From  data  ob- 
tained during  1918  the  average  consumption  of  acid  at  the  explosives 
plants  in  this  country  was  as  follows : 

Consumption  of  acid  at  explosives  plants. 

Pounds  of  acid  (basis, 
100  percent  H2S04) 
per  pound  of  product. 

For  manufacturing  smokeless  powder  from  cotton  linter 2.  3 

for  manufacturing  TNT  from  toluol 2.  2 

For  manufacturing  picric  acid  from  benzol G.  5 

With  the  gradual  elimination  of  the  beehive  coke  oven  by  the 
substitution  of  the  by-product  coke  plant,  there  will  be  more  and 
more  ammonia  available  for  the  production  of  ammonium  sulphate 
fertilizer,  and  this  will  require  more  and  more  sulphuric  acid.  This 
requirement  may  reach  a  monthly  consumption  figure  of  15,000  tons 
of  acid  (basis.  100  per  cent  H2S04). 

For  the  pickling  of  steel  for  tinning  and  galvanizing  purposes,  the 
consumption  is  approximately  30,000  to  35,000  tons  per  month  (basis, 
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100  per  cent  H2S04)  when  the  production  of  the  plate  and  galvan- 
ised ware  is  heavy.  This  acid  is  usually  shipped  to  the  pickling 
plant  as  60°  acid. 

The  consumption  of  sulphuric  acid  for  metallurgical  purposes,  in 
Lection  with  the  treatment  of  copper  and  zinc  ores,  has  increased 
greatly  in  the  West  during  the  last  few  years.  Part  of  the  acid  is 
used  in  the  notation  of  copper,  lead,  and  zinc  minerals  from  their 
ores.  Also  a  large  amount  is  used  in  leaching  ores  and  waste  tailings 
for  recovery  of  the  copper  or  zinc  content. 

The  acid  made  by  the  Calumet  &  Arizona  Mining  Co.  is  practi- 
cally all  used  for  leaching  carbonate  copper  ores  at  Ajo,  Ariz.  The 
Anaconda  Copper  Mining  Co.  has  been  producing  acid  for  leaching 
mill  tailings  and  for  leaching  zinc  ores,  as  well  as  supplying  acid  for 
the  flotation  process.  The  Garfield  Chemical  Mfg.  Co.  has  been  pro- 
ducing acid  for  leaching  low-grade  ores  from  the  Utah  Copper  Co. 

The  use  of  acid  in  certain  of  these  industries  has  been  greatly  cur- 
tailed in  the  last  year,  but  will  probably  be  resumed  on  a  large 
scale  in  the  future.  It  is  believed  that  the  normal  requirement  of 
acid  in  this  country  in  the  future  will  be  not  less  than  270,000  to 
300,000  tons  per  month  (basis,  100  per  cent  H2S04)  or  about  5,500,000 
tons  per  year  (basis,  50°  B.). 

Although  the  majority  of  the  manufacturing  trades  are  dependent 
on  supplies  of  sulphuric  acid,  yet  in  comparatively  few  trades  is 
the  cost  of  the  acid  an  important  factor,  because  the  charge  for 
the  acid  in  relation  to  the  total  cost  of  the  manufactured  goods  is 
often  small  or  even  negligible.  This  applies  especially  to  the  tex- 
tile trades,  to  leather,  paints,  etc.  In  the  manufacture  of  phosphate 
fertilizers  the  cost  of  the  acid  is  a  relatively  high  proportion  of 
the  total  cost  of  production.  In  order  to  meet  the  keen  competi- 
tion in  the  industrial  fields  efficient  working  and  low  cost  of  pro- 
duction are  essential,  but  the  cost  becomes  a  problem  of  even  greater 
importance  in  the  manufacture  of  phosphate  fertilizers. 

Sulphuric  acid  is  a  low-priced  commodity,  but  its  transportation 
over  long  distances  is  difficult  and  expensive.  Thus  the  cost  of  pro- 
duction of  acid,  which  is  discussed  later,  can  not  be  dissociated  from 
the  question  of  the  locality  of  the  acid  works,  because  ultimately 
the  cost  of  the  acid  as  delivered  is  the  deciding  factor.  The  real 
importance  of  the  cost  of  any  commodity  is  the  cost  to  the  con- 
sumer at  the  point  of  consumption  and  not  at  the  producer's  works. 
Thus,  although  acid  may  be  produced  very  cheaply  as  a  by-product 
at  smelters  in  the  West,  where  the  raw  material  (sulphur  gases)  may 
be  obtained  at  little  or  no  cost  to  the  acid  plant,  yet  be-ause  of  the 
great  distance  to  points  of  consumption  this  by-product  acid  can 
not  compete  in  eastern  markets  with  acid  manufacturers  in  the 
East,  even  though  the  eastern  plants  must  use  expensive  raw  material. 
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Aii  acid  plant  illy  situated  as  to  markets  or  with  a  capacity  much 
greater  than  is  required  for  the  demand  within  a  comparatively 
small  radius  can  rarely  overcome  its  haulage  handicap  by  efficient 
operation.  Prior  to  the  war  little  acid  was  hauled  far  in  the  eastern 
part  of  this  country.  A  200-mile  haul  for  a  regular  contract  delivery 
of  acid  over  a  long  period  of  time  was  exceptional,  for  it  usually 
paid  the  acid  manufacturer  to  build  a  plant  closer  to  the  point  of 
consumption,  assuming,  of  course,  the  tonnage  involved  warranted 
the  erection  of  a  plant.  During  the  war  this  condition  was  greatly 
disturbed,  especially  as  regard  the  haulage  of  high-strength  acid. 
In  the  period  of  exceptionally  high  prices  acid  was  even  shipped 
from  the  Pacific  coast  to  Xew  York,  from  Colorado  to  Pittsburgh 
and  other  points  in  Pennsylvania,  and  from  the  South  to  the  North. 
With  a  resumption  of  normal  business  conditions,  however,  such 
hauls  could  not  continue.  Acid  is  now  hauled  comparatively  short 
distances,  and  with  the  higher  freight  rates  now  involved  the 
tendency  toward  shorter  hauls  will  be  even  stronger  than  it  has  been 
in  the  past. 

RAW  MATERIALS  USED  IN  MANUFACTURE  OF  SULPHURIC  ACID. 
TYPES  OF  MATERIALS  USED. 

The  sulphur-bearing  raw  materials  from  which  sulphuric  acid  is 
made  in  this  country  are  as  follows: 

(1)  Brimstone. 

(2)  Pyrite  ores: 

(a)  Spanish  p}rrite — cuperous  and  noncupreous. 

(b)  Domestic  pyrite, 

(c)  Canadian  pyrite, 

(d)  Pyrite  from  coal  waste. 

(3)  Pyrrhotite. 

(4)  Zinc  ores — crude  ores  and  concentrates. 

(5)  Waste  sulphur  dioxide  gases  from  copper  smelting. 

(6)  Spent  oxide  from  gas  works. 

GENERAL  DISCUSSION  OF  MATERIALS  USED. 

During  the  early  years  of  the  sulphuric  acid  industry,  brimstone 
was  practically  the  only  sulphur-bearing  raw  material  used.  In 
1882,  85  per  cent  of  the  acid  produced  in  this  country  was  made  from 
brimstone,  and  in  1895  about  75  per  cent.  From  that  time  on  pyrite 
began  to  be  used  more  and  more,  resulting,  by  1900,  in  the  almost 
complete  elimination  of  brimstone  for  acid  manufacture,  except  in 
special  cases.  The  production  of  acid  as  a  by-product  in  the  smelt- 
ing of  zinc  ores  began  in  1895,  at  a  plant  at  La  Salle,  111.,  and  the 
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practice  has  become  almosl  general  in  the  last  20  roars  at  the  zinc 
plants  in  the  Illinois  field.  In  1907  the  practice  of  manufacturing 
acid  from  the  waste  gases  of  a  copper-blast  furnace  was  inaugurated. 
The  use  of  pyrrhotite  was  first  successfully  demonstrated  only  about 
12  years  ago. 

In  191 1  the  arid  production  of  the  country  was  obtained  from  the 
following  sources,  in  approximately  the  following  amounts: 

Amount*  of  acid  produced  in   United  States  from  different  sources,  l'Ji',. 

Tons  of  50°         Percentage 
B.  acid.  of-total. 

From  brimstone   (approximately) 100,000  2L6 

From  pyrite: 

Spanish  pyrite 1,900,000  50.0 

Domestic  pyrite,  including  "coal  brasses" 

and  pyrrhottte 600,000  15.8 

Canadian  pyrite 300.000  7.9 

From    roasting   zinc   ores 500,000  13.2 

From  waste  gases  at  copper  smelters 400,000  10.5 

Total 3.  S00,  000  100.0 

During  the  rapid  expansion  of  the  acid  industry  between  1915  and 
1918  many  of  the  new  plants  were  built  to  utilize  brimstone  alone. 
In  1917  the  use  of  brimstone  was  still  further  augmented  by  the 
partial  curtailment  of  the  importation  of  Spanish  pyrite,  brimstone 
being  substituted  for  pyrite  at  many  plants.  Also,  many  plants 
burned  some  brimstone  to  supplement  production  from  sulphur- 
bearing  ores,  especially  plants  making  acid  from  zinc  ores. 

In  1917  the  acid  was  produced  from  the  following  raw  materials, 
approximately  as  below : 

Amounts  of  acid  produced  in  United  States  from  different  sources,  1917. 

Tons  of  50°  Percentage 

B.  acid.  of  total. 

From  brimstone 2,  350,  000  32.  6 

From  pyrite  : 

Spanish 1,050.000  22.9 

Domestic,  Including  "coal  brasses"  and 

pyrrhotite 850,000  11.8 

Canadian r>00,000  6. 9 

From  roasting  zinc  ore 1.300,000  18.1 

From  waste  gases  at  copper  smelters 550,000  7.7 

Total 7,200,030  niO.  o 

In  1918.  the  further  curtailment  of  the  Spanish  imports  necessi 
tated   an   even   greater  substitution   of  brimstone   at   plants   which 
formerly  had  been  burning  pyrite,  as  shown  in  the  following  table. 
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The  acid  production  in  1918  was  obtained,  approximately,  as  fol- 
lows: 

Amounts  of  acid  produced  in  United  States  from  different  sources,  WIS. 

Tons  of  50°         Percentage 
B.  acid.  of  total. 

From  brimstone 3,  580,  000  48.  0 

From  pyrite : 

Spanish  pyrite 570,000  7.6 

Domestic  pyrite.  including  "  coal  brasses  " 

and  pyrrhotite 950,  000  12.  7 

Canadian    pyrite 550.  000  7.  5 

From  roasting  zinc  ores 1,  200,  000  16. 1 

From  waste  gases  at  copper  smelters 600,  000  8. 1 

Total 7,450,000  100.0 

^Vith  the  end  of  the  Avar,  the  use  of  brimstone  to  supplement  other 
material  ceased  almost  immediately.  Several  brimstone-burning 
plants  were  shut  down  completely,  and  at  all  plants  manufacturers 
began  to  curtail  production.  During  the  spring  of  1919  brimstone 
stocks  at  acid  plants  were  being  gradually  used  up,  and  acid  manu- 
facturers were  inclined  not  to  replenish  their  stocks  until  it  was  ap- 
parent that  brimstone  could  be  purchased  on  a  parity  basis  with 
pyrite  ores,  the  importation  of  which  was  gradually  resumed. 

Whether  or  not  brimstone  is  largely  retained  by  the  acid  industry 
as  the  raw  material  of  the  future  or  whether  there  will  be  a  general 
resumption  of  the  use  of  pyrite,  will  depend,  of  course,  upon  the  rela- 
tive price  of  the  two  kinds  of  material. 

During  the  war  it  was  necessary  at  one  time  to  endeavor  to  estab- 
lish figures  for  the  relative  values  to  the  consumers  of  sulphur  per 
unit  as  brimstone  or  pyrite  for  the  purpose  of  acid  making. 

Allowing  for  the  cost  of  handling  each  material,  the  disposal  of  the 
cinder  from  the  pyrite.  the  cleanliness  of  the  gases  from  the  brim- 
stone burners,  as  compared  with  the  gases  from  pyrite  burners,  and 
all  other  factors  which  would  affect  the  cost  of  manufacture,  it  was 
estimated  that  as  a  rule  if  the  consumer  of  pyrite  received  nothing 
for  the  cinder,  the  brimstone  was  worth  about  3  to  4  cents  per  unit 
(a  unit  equals  1  per  cent  or  1  unit  in  a  long  ton  equals  22.4  pounds) 
more,  for  acid  manufacturing  purposes,  than  sulphur  in  pure  pyrite 
carrying  40  to  43  per  cent  sulphur.  At  certain  plants  where  espe- 
cially favorable  facilities  were  installed  for  handling  pyrite,  the  dif- 
ferential would  be  slightly  less.  At  other  plants,  especially  plants 
equipped  for  handling  lump  material,  the  differential  might  be  some- 
what greater.  If  copper  was  present  in  amounts  which  made  its 
recovery  advisable,  this  must  also  be  considered.    If  there  was  a  mar- 


REVIEW    OF   THE    INDUSTRY.  25 

kit  for  the  cinder  as  iron  ore,  this  factor,  too,  must  be  taken  into  com- 
sideration. 

The  following  illustration  shows  the  comparison  in  the  cost  of 
burning  10  tons  of  sulphur  per  day  from  45  per  cent  pyrite  fines  and 
from  brimstone.  The  pyrite  is  assumed  to  cost  15  cents  per  unit,  or 
$6.75  per  ton,  and  the  brimstone  to  co  t  18.5  cents  per  unit,  or  $18.50 
per  ton,  both  delivered  at  the  acid  plant.  The  amount  of 
pyrite  required  per  10  tons  of  sulphur  available  is  23.3 
tons.  The  costs  for  roasting  and  depreciation  are  average  figures 
taken  from  the  actual  operating  data  for  a  number  of  plants  in  1917: 
Costs  of  burning  10  tons  of  sulphur  from  pyrite  a,nt  from  brimstone. 

Cost  from 
burning  pyrito. 

Material,  2.°...°.  tons,  at  $6.75  per  ton $157.25 

Handling  and  roasting  ore,  23.3  rons,  at  $1.10  per  ton 2-").  65 

Handling  cinder,  1T..">  tons,  at  25  cents  per  Ion 4.37 

Repairs  (o  and  depreciation  of  burner  plant  (10  per  eent)_  0.  00 

Tot:il i 193.  27 

Cost  from 
burning  brimstone. 

Material,  10.1  tons,  at  $18.50  per  ton $187.00 

Handling  and  burning,  at  00  cents  per  ton 6.  00 

Repairs  to  and  depreciation  of  burner  plant  (in  per  cent).         1.00 

Total 194.06 

If  the  pyrite  and  brimstone  were  purchased  f.  o.  b.  the  shipper's 
point,  and  freight  charges  are  thereby  involved,  there  would  be  an 
even  greater  differential  than  that  indicated. 

In  the  preceding  example,  if  the  consumer  could  obtain  $1.50  per 
ton  for  the  cinder,  he  could  afford  to  pay  17.5  cents  per  unit  for  the 
pyrite  as  against  18^  rents  per  unit  for  the  brimstone. 

These  figures  in  this  example  are  given  as  an  average  illustration. 
The  exact  differential  applicable  to  any  plant  will  depend  on  the 
conditions  at  the  acid  plant.  At  some  plants  where  the  roasting 
equipment  has  already  been  amortized,  the  differential  will  be  less 
than  that  given.  With  an  ore  containing  only  40  or  35  per  cent  sul- 
phur, the  differentia]  will  be  even  greater. 

The  sources  of  supply  and  the  character  of  each  of  the  several  types 
of  sulphur-bearing  material  is  discussed  in  the  following  paragraphs: 

BRIMSTONE. 

Native  sulphur  or  brimstone  occurs  in  many  parts  of  the  world, 
generally  either  in  beds  of  gypsum  and  associated  rocks,  or  in  the 
region  of  active  and  extinct  volcanoes.  Deposits  of  sulphur  are  found 
in  two  places  in  Sicily,  and  at  several  places  on  the  mainland  of 
Italy,  in  considerable  quantities.  Sulphur  is  also  found  in  Japan, 
1479.-5°— 20 3 
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Iceland,  Mexico,  in  the  Chilean  Andes,  South  America,  China,  India, 
and  the  Philippine  Islands.  In  this  country  volcanic  sulphur  is 
found  in  the  vicinity  of  numerous  hot  springs  in  Wyoming,  Idaho, 
Utah.  Nevada,  and  California.  The  principal  sources  of  sulphur 
in  this  country  are  the  large  deposits  of  natural  sulphur,  associated 
with  beds  of  gypsum,  in  the  coastal  plains  of  the  Gulf  of  Mexico. 

SICILIAN  BRIMSTONE. 

Until  the  year  1903  the  greater  part  of  the  world's  supply  of 
brimstone  was  mined  and  prepared  for  use  in  Sicily  and  Italy,  about 
85  per  cent  being  obtained  from  Sicily ;  Japan  produced  a  very  small 
amount.  Until  the  introduction  of  Louisiana  sulphur,  extracted  by 
the  Frasch  process,  Sicily  controlled  the  sulphur  industry  of  the 
•world. 

The  Sicilian  mines  are  distributed  over  an  area  of  about  100  miles 
by  about  55  miles.  The  deposits  vary  in  depth  from  150  to  650  feet. 
The  brimstone  varies  considerably  in  its  total  sulphur  content,  from 
as  low  as  8  per  cent  S  up  to  30  per  cent  S.  Marl,  shale,  and  gypsum 
are  the  prominent  constituents  of  the  sedimentary  rocks  in  which  the 
sulphur  is  produced.  The  sulphur  is  separated  from  the  associated 
minerals  by  fusion  and  liquation,  the  heat  necessary  for  the  conduct 
of  the  process  being  supplied  by  the  burning  of  part  of  the  sulphur. 
With  the  use  of  the  Gill  regenerative  furnace,0  the  recovery  of  the 
sulphur  is  about  80  per  cent,  whereas  in  the  old  process,  where  the 
burning  and  liquation  was  carried  out  in  heaps,  the  recovery  was 
about  60  per  cent.  This  first  liquated  sulphur,  containing  2  to  5 
per  cent  of  impurities,  is  put  on  the  market  for  acid  manufacture  in 
dirty,  yellow  lumps  of  irregular  shape  and  size.  Refined  sulphur  is 
obtained  by  distillation  of  the  crude  material. 

During  the  early  years  of  the  sulphuric  acid  industry  in  the  United 
States  Sicilian  brimstome  was  practically  the  only  surphur-bearing 
raw  material  used.  In  1882  only  two  plants  were  using  pyrite,  the 
rest  burning  brimstone.  The  consumption  of  brimstone  in  the  United 
States  in  1882  was  nearly  100,000  tons,  about  90  per  cent  of  which 
was  used  for  acid  manufacture. 

In  1895 a  the  consumption  of  Sicilian  brimstone  in  the  United 
States  was  about  165,000  tons,  of  which  about  90,000  tons  were  used 
for  acid  manufacture. 

In  1900  6  the  importation  of  Sicilian  sulphur  was  about  168,000 
tons,  but  only  about  50  per  cent  of  this  was  used  for  acid  manufac- 
ture. In  1905  6  the  Sicilian  importation  had  decreased  to  less  than 
75,000  tons,  and  in  1910 a  less  than  5.000  tons.    The  chief  reason  for 

°  Thorpe,  T.  E.,  Dictionary  of  applied  chemistry  ;  Sulphur.     Vol.  5,  1913,  p.  286-312. 
6  Figures  are  from  annual  volumes  of  "  Mineral  Industry,"  for  the  years  mentioned. 
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the  drop  in  importation  between  1  s * > 0  and  1896  was  because  Che  acid 
manufacturers  in  this  country  were  rapidly  adopting  the  use  of 
pyrite  in  place  of  brimstone.  One  of  the  main  causes  for  the  use  of 
pyrite  in  the  place  of  brimstone  for  sulphuric  acid  manufacture  dur- 
ing the  period  around  L895  was  the  advance  in  the  price  of  sulphur 
from  about  $15  per  ton  in  New  York  to  about  $25  per  ton.  This 
advance  was  brought  about  through  an  agreement  made  "between  the 
Anglo-Sicilian  Sulphur  Co.  and  the  mine  owners,  by  which  the  sul- 
phur company  controlled  at  least  75  per  cent  of  the  total  production 
of  sulphur  in  Sicily,  the  company  then  raising  the  price.  Although 
the  requirements  of  brimstone  for  acid  manufacture  were  decreasing 
from  1900  on,  the  requirement  for  brimstone  for  the  paper-pulp 
and  other  chemical  industries  were  constantly  increasing.  However, 
in  1004  and  1905  the  mining  of  sulphur  from  the  Louisiana  deposits 
by  the  successful  application  of  the  Frasch  process  resulted  in  the 
American  product  largely  supplying  the  American  market  to  the 
exclusion  of  the  Sicilian  material.  All  the  brimstone  requirements 
of  the  United  States  since  that  time  have  been  met  almost  entirely 
by  domestic  sulphur,  with  the  exception  of  about  30,000  tons  per 
year  on  the  Pacific  coast,  which  is  supplied  by  Japan,  and  which  is 
used  principally  in  the  paper-pulp  industry  of  the  Northwest. 

The  consumption  of  brimstone  sulphur  in  this  country  increased 
steadily  in  the  period  1900  to  1915,  but  the  increase  was  due  to  the 
growth  of  the  paper-pulp  and  other  chemical  industries  and  not  to 
an  extension  of  the  use  of  brimstone  in  the  sulphuric  acid  industry. 
In  the  period  1910  to  1914,  the  average  consumption  of  brimstone 
sulphur  in  this  country  was  about  300.000  long  tons,  of  which,  less 
than  35,000  tons  was  used  in  the  acid  industry. 

SULPHUR  FROM   COASTAL,   PLAINS  OF   LOUISIANA   AND  TEXAS. 

The  sulphur  deposits  of  Louisiana  and  Texas  are  geologically  asso- 
ciated with  the  "  dome  formations,"  which  are  a  feature  of  the  coastal 
plains  extending  through  the  States  of  Louisiana  and  Texas,  into  the 
Gulf  States  of  Mexico.  The  term  "dome"  refers  to  the  geologic 
structure,  and  the  formations  are  not  always  indicated  by  surface 
elevations.  In  some  places  they  are  indicated  by  mounds  varying 
from  10  to  80  feet  in  elevation  above  the  level  coastal  plains.  In 
some  of  these  domes  are  found  petroleum,  rock  salt,  and  sulphur. 
The  oil  was  first  exploited,  and  it  was  when  drilling  for  oil  near 
Lake  Charles,  La.,  that  the  first  sulphur  bed  was  discovered  in  1865. 
Since  then  extensive  deposits  of  sulphur  have  been  found  in  several 
plains  in  that  district.  The  most  easterly  discovery  is  at  Belle  Jsle, 
St.  Marys  Parish,  La.,  and  the  most  westerly  at  Matagorda  Bay,  Big 
Hill,  Matagorda  County,  Tex.  These  two  points  are  about  225  miles 
apart,  in  a  northeast  and  southwest  line. 
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At  the  domes  which  are  now  being  mined  for  sulphur  the  sulphur 
lies  at  a  depth  of  between  GOO  and  1,100  feet.  The  overburden  con- 
sists of  clays,  sands,  quicksands,  and  gravels,  and  a  comparatively 
small  layer  of  a  soft  limestone.  The  average  thickness  of  the  sulphur 
bed  is  125  feet.  Beneath  the  sulphur  is  gypsum,  with  occasional 
layers  of  sulphur. 

Between  1868  and  1895,  many  attempts  were  made  to  obtain  the 
sulphur  by  ordinary  shaft  mining  and  by  'modifications  of  the  shaft 
method.  All  of  these  attempts  failed,  owing  to  the  difficulty  of 
resisting  the  lateral  pressures  upon  the  shaft  walls  of  the  enormous 
amount  of  water  in  the  quicksands  encountered,  and  also  the  diffi- 
culty of  preventing  the  inrush  of  water  from  the  sands  into  the  sul- 
phur bed,  when  it  had  been  penetrated. 

The  present  successful  method  of  mining  the  sulphur  was  worked 
out  by  Herman  Frasch,  during  the  years  1892  and  1902,  at  the  sul- 
phur deposit  situated  near  the  Parish  of  Calcasieu,  La.,  80  miles 
from  Port  Arthur.  Tex.,  which  deposit  Frasch  and  his  associates 
acquired  in  the  name  of  the  Union  Sulphur  Co. 

The  Frasch  process  involves  introducing  superheated  water  into 
the  sulphur  beds,  through  a  pipe  extending  through  the  quicksands, 
at  a  temperature  at  or  above  the  melting  point  of  sulphur,  and  then 
raising  the  molten  sulphur  through  another  pipe  to  the  surface  by 
compressed  air.  The  molten  sulphur  is  then  conducted  into  bins 
where  it  solidifies.  The  wells  are  10  to  12  inches  in  diameter,  and 
contain  three  strings  of  concentric  pipes.  In  the  outer  annular 
space,  the  hot  water  at  a  temperature  of  about  175°  C.  is  forced 
down  under  a  pressure  of  250  pounds  per  square  inch.  In  the  inner 
pipes,  hot  air  at  a  pressure  of  100  pounds  per  square  inch  is  ad- 
mitted. The  hot  water  leaves  the  outer  pipe  at  several  points 
slightly  above  the  bottom  of  the  pipe,  enters  the  sulphur-bearing 
formation,  and  after  the  brimstone  has  been  thoroughly  heated,  ad- 
ditional quantities  of  water,  which  is  constantly  being  forced  into 
the  formation,  melt  the  sulphur  (melting  point  115°  C),  which  sinks 
toward  the  bottom  of  the  sulphur  bed,  to  the  bottom  of  the  well. 
Hot  compressed  air  is  forced  down  the  inner  pipe,  which  is  slightly 
longer  than  the  others,  issues  from  the  bottom  of  that  pipe,  and 
flows  up  through  the  intermediate  annular  space  between  the  air  pipe 
and  the  second  pipe.  As  the  liquid  sulphur  covers  the  entrance  to 
that  annular  space,  the  sulphur  is  lifted  to  the  surface  by  the  ascend- 
ing air.  One  of  the  most  important  features  of  the  process  is  the 
maintenance  of  proper  balance  between  the  pressure  of  the  super- 
heated water,  and  the  air  pressure,  so  as  to  permit  an  uninterrupted 
flow  of  sulphur  to  the  surface.  On  reaching  the  surface  the  sulphur 
is  conducted  through  a  pipe,  supported  on  light  framework,  to  a 
bin  in  which  it  solidifies.     There  are  a  series  of  bins,  about  150  feet 
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1  v  250  feet  by  G5  feet  high.  The  sulphur  is  delivered  into  the  center 
of  these  Inns,  and  caused  to  spread  in  layers  about  one  inch  in 
thickness. 

The  method  of  mining  sulphur  described  above  was  patented  by 
Frasch  in  1891.  In  1905,  1910,  and  1911  further  patents  were  ob- 
tained to  cover  certain  details  in  the  process.  With  the  belief  that 
at  the  expiration  of  the  Frasch  patent,  in  1908,  the  fundamentals  of 
the  process  became  public  property  under  the  provisions  of  the  pat- 
ent laws,  the  Freeport  Sulphur  Co.  started  the  operation  of  a  prop- 
erty in  Texas,  using  a  modification  of  the  process.  The  consequence 
has  been  recent  litigation  involving  the  patents  granted  in  1905  and 
1910  to  the  Union  Sulphur  Co.  As  a  result  of  the  litigation,  which 
was  carried  to  the  highest  courts,  the  process  is  now  open  to  all. 

Crude  oil  is  used  for  firing  the  boilers  to  supply  the  necessary  heat 
and  power,  and  the  commercial  success  of  the  Frasch  process  is  due 
in  a  large  measure  to  the  local  availability  and  cheapness  of  the  fuel 
oil.  It  has  been  estimated  that  of  the  total  heat  units  employed  less 
than  2  per  vvnt  are  utilized  in  melting  the  sulphur.  The  temperature 
of  the  quicksand  water,  of  which  there  is  a  great  influx  to  the  sulphur 
bed  during  the  operation  of  the  process,  is  low  and  has  to  be  raised 
before  the  sulphur  can  be  melted.  The  well  gives  out  When  the  cavity 
from  which  the  sulphur  has  been  extracted  becomes  too  large  to  per- 
mit of  the  necessary  temperature  being  maintained. 

The  rocks  above  the  sulphur-bearing  beds  are  not  strong  enough 
to  support  the  dome  after  much  sulphur  has  been  extracted.  At  the 
property  of  the  Union  Sulphur  Co.,  which  has  been  worked  steadily 
since  1^95.  it  lias  been  necessary  to  employ  a  dredge  constantly  to 
pump  material  from  adjacent  areas  onto  the  settled  ground  in  order 
to  hold  the  level.  It  is  estimated  that  in  places  at  this  property  the 
original  surface  is  200  feet  below  the  present  surface,  which  at  the 
most  is  only  about  25  feet  above  sea  level. 

The  development  of  a  sulphur  property  and  the  equipment  for  op- 
eration requires  large  expenditures.  Prospecting  can  only  be  done 
isfactorily  by  drilling,  the  number  of  drill  holes  necessary  to  estab- 
lish the  existence  of  a  deposit  varying  with  the  nature  of  the  de- 
posit.  In  recent  years  it  has  cost  in  the  neighborhood  of  $5,000  per 
hole  for  drilling  at  plants  located  near  good  transportation  facili- 
ties. At  the  present  time  it  would  probably  require  an  investment 
of  one  to  two  million  dollars  to  develop  and  place  in  production  a 
property  extending  over  an  area  of  perhaps  300  acres.  A  large 
quantity  of  sulphur  must,  therefore,  first  be  actually  determined  to 
insure  the  return  of  the  invested  capital  plus  a  reasonable  profit. 

There  are  now  three  properties  producing  sulphur  by  the  use  of 
the  Frasch  process  or  a  modification  of  that  process:  The  Union 
Sulphur  Co.,  at  Sulphur,  near  Lake  Charles,  La. ;  the  Freeport  Sul- 
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phur  Co..  at  Bryant  Heights,  Tex. ;  and  the  Texas  Gulf  Sulphur  Co., 
at  Matagorda,  Tex. 

UNION  SULPHUR  CO. 

The  Union  Sulphur  Co.  in  1902  began  to  produce  sulphur  on  a 
practical  scale,  and  by  1905  the  production  had  increased  to  over 
200,000  long  tons  per  year.  From  that  time  the  yearly  production 
was  usually  greater  than  the  requirement,"  and  some  stocks  were 
accumulated  above  ground.  By  October,  1917,  when  a  special  com- 
mission of  the  Bureau  of  Mines  and  the  United  States  Geological 
Survey  visited  the  property,  the  production  had  been  increased  to 
2,000  tons  per  day,  which  at  that  time  was  considered  a  maximum 
output  with  the  equipment  installed.  There  were  then  more  than 
800,000  long  tons  of  sulphur  above  ground  at  the  property. 

Under  the  stress  of  the  war-time  requirement,  and  the  necessity 
of  maintaining  an  adequate  stock  above  ground  to  meet  any  emer- 
gency, the  production  was  further  increased  during  the  first  six 
months  of  1918,  till  by  June,  1918,  the  production  had  reached 
nearly  4,000  tons  per  day,  and  the  stock  above  ground  had  been  in- 
creased to  about  1,000,000  tons. 

The  operations  of  the  company  were  interrupted  on  August  7, 
1918,  by  a  tornado  which  blew  down  all  the  derricks  over  the  wells, 
all  the  pipe  lines,  etc.,  and  also  the  smokestacks  of  the  boiler  plants. 
IWithin  a  few  weeks,  however,  new  wells  had  been  drilled  and  equip- 
ped with  piping  and  connected  to  the  boilers  and  mining  resumed. 
By  early  October  the  production  was  again  about  1,000  tons  per  day, 
and  could  have  been  still  further  increased. 

Brimstone  is  shipped  from  Sulphur,  La.,  by  rail  direct  to  the 
points  of  consumption,  or  over  a  special  line  68  miles  long  to  Port 
Sabine,  Tex,,  where  it  is  loaded  onto  ships.  Prior  to  1917,  about 
one-fourth  of  the  total  shipment  was  made  all  rail,  and  three-fourths 
by  rail  to  Sabine  and  then  by  ships. 

For  an  average  daily  production  of  about  2,000  tons,  there  are 
required  about  4,000  barrels  of  fuel  oil.  The  labor  required  for  pro- 
duction at  this  rate  is  about  800  men.  About  8,000,000  gallons  of 
water  are  pumped  and  heated  each  24  hours. 

The  sulphur-bearing  deposit  at  this  property  is  only  about  64  acres 
in  extent,  but  is  apparently  of  unusual  richness,  and  it  is  believed 
may  be  depended  on  for  many  years  to  produce  sulphur  at  a  reason- 
able cost.  During  the  war  period  the  mining  cost  rose  to  about  $10 
per  ton,  but  prior  to  1917  was  less  than  $6  per  ton.  According  to 
a  report  of  the  Federal  Trade  Commission  (S.  Doc.  No.  248),  the 
cost  during  the  first  half  of  1917  was  $5.75  per  ton. 

FREEPORT  SULPHUR  00. 

The  property  of  the  Freeport  Sulphur  Co.  is  located  at  Bryant 
Heights,  about  40  miles  from  Galveston,  and  within  3  miles  of  the 
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const.  The  deposit  comprises  a  number  of  scattered  bodies  spread 
over  a  large  area  (about  520  acres),  considerably  larger  than  that 
worked  by  the  Union  Sulphur  Co.  On  account  of  this  fact  the  cost 
of  production  at  Freeport  undoubtedly  is  a  little  higher  than  at  the 
Union  property.  According  to  the  report  of  the  Federal  Trade  Com- 
mission (S.  Doc.  248),  the  cost  during  the  first  six  months  of  1918 
was  St>. 15  per  ton. 

The  company  began  to  produce  in  1913.  During  the  first  nine 
months  of  1917  the  production  averaged  about  1,500  tons  per  day, 
which  was  considered  to  be  the  maximum  rate  of  production  with 
the  equipment  then  installed. 

In  working  this  property  to  produce  1,500  tons  per  day,  about 
B, 000.000  gallons  of  water  are  pumped  and  heated.  The  boiler  ca- 
pacity of  the  plant  is  about  25,000  horsepower. 

TEXAS  GULF   SULPHUR  CO. 

The  property  of  the  Texas  Gulf  Sulphur  Co.  is  located  on  the 
Matagorda  Big  Hill,  in  Matagorda  County,  Tex.,  within  one-half 
mile  of  Matagorda  Bay  and  about  6  miles  from  the  deep  water  of 
the  Gnlf.  The  property  is  reached  by  a  branch  of  the  Atchison, 
Topeka  &  Santa  Fe  Railway  from  Bay  City  to  Matagorda. 

The  company's  holdings  cover  300  to  400  acres,  on  or  adjacent  to 
the  mound,  which  itself  covers  200  to  300  acres,  and  rises  about  35 
feet  above  sea  level.  Matagorda  Big  Hill  is  a  typical  "saline  dome." 
Extending  to  a  depth  of  800  to  1.000  feet  below  the  surface  is  sand, 
shale,  clay,  and  gravel;  below  these  unconsolidated  sediments  is  a 
"  cap  rock  ,?  of  limestone.  The  sulphur  occurs  immediately  below 
ihe  limestone  at  depths  of  870  to  1,215  feet,  depending  on  its  loca- 
tion in  the  dome,  and  varies  in  thickness  from  60  to  90  feet.  A 
stratum  of  salt  and  gypsum  is  found  underneath  the  sulphur  bed. 
The  average  sulphur  content  of  the  sulphur  bed  varies  from  20  to  40 
per  cent.  It  is  estimated  that  there  are  over  10,000,000  tons  of  sul- 
phur available  in  the  deposit. 

Actual  operations  were  started  early  in  March,  1919.  Several  wells 
are  now  in  operation,  producing  about  1,500  tons  a  day.a 

OTHER  PROPERTIES. 

Besides  the  three  properties  mentioned,  which  are  ix>w  mining  sul- 
phur, the  following  properties  on  the  coastal  plain  are  possible  po- 
tential producers: 

1.  The  Texas  Exploration  Co.  property,  Damon  Mound,  north- 
western Brazoria  County,  Tex.,  about  35  miles  northwest  of  Freeport 
on  a  branch  of  the  Southern  Pacific  Railway  connecting  with  the 

°  See  news  item,  Operations  of  the  properties  of  the  Texas  Gulf  Sulphur  Co.,  Eng.  and 
Min.  Jour.,  vol.  107,  Mar.  29,  1919,  pp.  555-557. 
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main  line  at  Rosenberg,  18  miles  north  of  Damon  Mound.  It  is 
claimed  that  at  least  3,000,000  tons  of  sulphur  have  been  definitely 
developed  by  drilling. 

2.  The  Texas  Co.  property,  Haskins  Mound.  Brazoria  County, 
Tex..  4  miles  west  from  Chocolate  Bay  and  8  miles  northwest  from 
the  Gulf  Coast. 

Many  other  localities  along  the  coastal  plains  offer  possibilities 
for  developing  sulphur  deposits,  but  none  of  them  has  been  suffi- 
ciently prospected  to  estimate  the  reserves,  or  the  conditions  for 
mining.  Some  of  the  localities  which  have  known  possibilities  for 
production  are:  (1)  Hackley,  in  Harris  County,  25  miies  northwest 
of  Houston;  (2)  Liberty,  about  3  miles  south  of  Liberty  Station  on 
the  Southern  Pacific  Railway;  (3)  Barbers  Hill,  9  miles  southeast 
of  Wattey  Station;  and  (1)  Hackberry  Island,  in  Cameron  Parish, 
La.,  18  miles  southwest  of  Lake  Charles,  and  12  miles  from  the  Gulf 
coast.  In  fact,  the  Gulf  coast  district  offers  promises  for  the  de- 
velopment of  several  large  deposits  in  the  future,  as  the  demand  for 
surphur  increases.  It  is  rather  doubtful,  however,  whether  there 
will  be  any  extensive  development  of  these  deposits  for  years  to 
come.  A  deposit,  to  be  successfully  worked,  would  have  to  occur 
under  conditions  exceptionally  favorable  for  low  cost  of  production 
and  have  easy  transportation  facilities. 

Prior  to  the  extraordinary  condition  created  by  the  war.  the 
Union  Sulphur  Co.  and  the  Freeport  Sulphur  Co.  were  more  than 
able  to  care  for  the  brimstone  demand  in  this  country.  To  the 
production  capacity  of  these  two  companies  is  now  added  that  of 
the  third,  the  Texas  Gulf  Co.  The  future  requirements  for  brim- 
stone are  rather  problematical,  as  it  is  not  certain  to  what  extent 
brimstone  will  continue  to  be  used  in  acid  manufacture  in  place  of 
pyrite.  To  compete  with  pyrite,  brimstone  will  probably  have  to 
sell  at  a  price  which  will  not  encourage  anyone  not  now  in  the  field 
to  make  heavy  investments  in  the  development  of  the  "  domes." 

SULPHUR  DEPOSITS   IX   WEST  TEXAS  AND   OTHER   DISTRICTS  IX   THE  WEST. 

Within  the  last  15  years  seA'eral  attempts  have  been  made  to  mine 
and  extract  sulphur  from  the  deposits  found  in  an  extensive  belt 
of  gypsum  in  Culberson  Count}',  Tex.a  So  far  these  attempts  have 
not  been  an  economical  success. 

The  sulphur  occurs  in  the  gypsum  and  limestone  beds  either  as 
layers  more  or  less  parallel   with  the  stratifications  of  the  rocks, 

°  Richardson,  G.  B.,  Contributions  to  economic  geology — salt,  gypsum,  and  petroleum 
in  trans-Pocos  Texas,  U.  S.  Gcol.  Survey  Bull.  260,  1904,  pp.  573-5S5  ;  Porch,  E.  C.  jr., 
The  Rustler  Springs  sulphur  deposits,  Univ.  Texas  Bull.  1722,  April  15,  1917.  pp.  57-39. 
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or  as  cementing  material  within  the  coarsely  crystallized  gypsum, 
or  as  amorphous  bunches  within  the  rook. 

The  relatively  most  extensive  operations  with  this  material  have 
been  conducted  by  the  Michigan  Sulphur  &  Oil  Co.  An  at- 
tempt was  made  to  extract  the  sulphur  by  the  White  steam  process, 
which  consisted  of  loading  sorted  ore,  containing  about  40  per  cent 
sulphur,  into  perforated  sheet-iron  cars,  and  running  the  cars  into 
a  horizontal  cylindrical  retort,  into  which  steam,  at  60-pound  pres- 
sure, was  admitted  for  2\  hours.  Abotit  GO  to  65  per  cent  of  the 
sulphur  contained  in  the  ore  was  liquated  out,  but  on  account  of 
the  high  cost  of  fuel  the  production  was  unprofitable. 

The  West  Texas  Sulphur  Co.  has  erected  a  plant  to  treat  the  ore 
under  a  modification  of  the  steaming  process  described. 

The  district  as  a  whole  appears  to  have  a  large  quantity  of  sul- 
phur, apparently  scattered  through  a  large  number  of  small  de- 
posits. It  is  problematical  whether  any  one  of  these  could  be  ex- 
ploited to  advantage  by  individual  efforts,  under  the  present  condi- 
tions as  to  market,  etc.,  but  the  deposits  are  potential  sources  of  sup- 
ply for  the  future. 

In  1018  some  tests  were  conducted  by  J.  M.  Hyde  at  the  Bureau 
of  Mines  experiment  station  at  Berkeley7,  Calif.,  to  determine  the 
possibility  of  recovering  the  sulphur  from  this  ore  by  flotation. 
These  tests  showed  that  a  high  recovery,  about  80  per  cent,  could  be 
obtained  in  a  concentrate  carrying  about  85  per  cent  sulphur. 

Various  small  sulphur  deposits  have  been  located  in  Colorado, 
chief  among  them  being  the  Vulcan  mine,  near  Iola,  in  Gunnison 
County,  and  the  propert}^  of  the  Colorado  Sulphur  Production  Co., 
near  Creede,  in  Mineral  Count;/.  The  Vulcan  mine  has  been  oper- 
ated at  intervals  for  the  past  20  years,  but  so  far  unsuccessfully. 
The  distillation  of  the  sulphur  from  this  mine  has  resulted  in  a  prod- 
uct containing  selenium,  which  is  detrimental  to  the  use  of  the  sul- 
phur in  the  manufacture  of  acid.  The  property  near  Creede  has 
not  been  worked,  though  an  effort  was  made  in  1918  to  start  opera- 
tions there. 

In  "Wyoming,  deposits  of  sulphur  have  been  found  in  various 
places,"  but  the  only  two  properties  that  have  been  worked  are  those 
near  Cody,  in  Park  County,  and  Thermopolis,  in  Hot  Springs 
County.  The  Cody  Sulphur  Co.  and  Yellowstone  Sulphur  Co.  have 
operated  intermittently  during  the  last  20  years  near  Cody,  but, 
primarily  because  of  the  difficulties  in  obtaining  an  economical  re- 

°  Woodruff,  E.  G.,  Sulphur  deposits  at  Cody,  Wyo.,  t\  S.  Geol.  Survey  Bull.  340,  1907, 
lip.  451— 150 ;  Sulphur  deposits  near  Thermopolis,  Wyo.,  U.  S.  Geol.  Survey  Bull,  380, 
1009,  pp.  373-380.  ITewelt,  D.  F.,  Sulphur  deposits  of  Sunlight  Basin,  Wyo.,  U.  S.  Geol, 
Survey  Bull.  530,  1911,  pp.  350-3G2 ;  Sulphur  deposits  in  Park  County,  Wyo.,  U.  S. 
Geol.  Survey  Bull.  590,  1914,  pp.  477-4S0. 
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ccvery,  the  production  has  been  small.  Sulphur  deposits  near  Ther- 
mopolis  have  also  been  worked  by  various  companies,  but  the  pro- 
duction has  been  small.  It  is  not  probable  that  this  Wyoming  dis- 
trict will  ever  become  a  large  and  constant  producer  of  sulphur. 

In  Utah,  sulphur  lias  been  reported  at  various  places.  The  only 
producing  property  is  that  of  the  Utah  Sulphur  Corporation,  located 
27  miles  from  Black  Bock  on  the  Salt  Lake  Railroad,  at  a  mining 
camp  called  Morrissey  (formerly  Sulphurdale).  The  deposit  has 
been  described  by  Lee.a  The  sulphur  produced  in  this  property  has 
been  sold  to  the  beet-sugar  refineries.  On  account  of  the  high  cost 
of  recovery,  and  the  long  haul,  this  sulphur  could  not  be  considered 
available  for  acid  manufacture  in  the  East. 

In  Idaho  a  sulphur  deposit  is  being  developed  by  the  Idaho  Sul- 
phur Co.,  about  five  miles  east  of  Soda  Springs  (on  the  Oregon 
Short  Line  Railroad)  in  Bannock  County.  The  deposit  has  been  de- 
scribed by  Richards  and  Bridges.6  The  commercial  possibilities  of 
this  project  are  not  yet  demonstrated.  If  the  treatment  problem  is 
solved  successfully  this  property  probably  can  produce  a  consider- 
able tonnage  for  the  Pacific  coast  market. 

In  California  sulphur  showings  are  reported  in  various  districts, 
but  from  the  information  available  regarding  them  it  is  apparent 
that  they  are  small  and  relatively  unimportant  as  far  as  constitut- 
ing a  possible  source  of  supply  to  the  acid  industry  of  the  Pacific 
coast  is  concerned. 

In  Nevada  the  two  producers  are  the  property  of  the  Cuprite 
Esmeralada  Sulphur  Co.,  at  Cuprite,  Nye  County,  and  the  property 
of  the  Nevada  Sulphur  Co.,  located  at  Sulphur,  Humboldt  County. 

The  western  deposits,  as  a  rule,  are  of  uncertain  character,  and 
their  tonnage  yields  would  be  comparatively  small.  Their  general 
great  distance  from  consuming  centers  has  been  detrimental  to  their 
development  in  the  past  and  is  likely  to  remain  so  in  the  near  future. 
However,  with  proper  solutions  of  the  treatment  problems  and  im- 
proved transportation  facilities  the  aggregate  production  from  these 
deposits  may  be  made  to  take  care  of  the  western  consumption. 
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PYRITE. 
GENERAL.  CONSIDERATIONS   REGARDING   CHEMICAL  CONSTITUENTS. 

Pure  pyrite  contains  53.4  per  cent  sulphur  and  46.6  per  cent  iron. 
Pyrite  suitable  for  acid  manufacture  should  contain  in  general  as 
much  sulphur  as  possible.  Under  ordinary  conditions  most  of  the 
acid  manufacturers  require  a  pyrite  containing  not  less  than  42  per 
cent  sulphur.  Under  extraordinary  conditions,  such  as  existed  in  cer- 
tain localities  during  the  war,  pyrite  containing  as  low  as  30  per  cent 
sulphur  was  used.  Pyrite  containing  less  than  30  per  cent  usually 
was  not  used  alone,  but  in  conjunction  with  pyrite  higher  in  sulphur 
or  with  brimstone. 

The  content  of  available  sulphur  in  general  determines  the  value 
of  the  pyrite  to  the  consumer,  although  the  physical  characteristics 
of  the  ore  also  are  important.  With  pure  ores  and  with  the  proper 
types  of  roasters  and  skillful  operation  it  is  possible  to  reduce  the 
sulphur  content  of  the  cinder  to  less  than  one-half  per  cent.  In  prac- 
tice, however,  the  sulphur  content  of  the  residue  is  seldom  less  than 
2  per  cent.  "With  ores  containing  impurities,  such  as  zinc,  copper, 
lead,  lime,  and  magnesia,  it  is  practically  impossible  to  reduce  the 
sulphur  content  to  such  a  low  percentage,  even  with  the  most  skill- 
ful manipulation.  This  is  due  largely  to  the  formation  of  sulphate 
of  these  metals,  which  are  not  decomposed  by  the  temperature  of  the 
roasters. 

Discussing  the  question  of  the  effect  of  these  impurities  on  the 
availability  of  the  sulphur,  Falding  ■  says : 

When  ores  contain  among  others  of  minor  importance  the  following  minerals, 
they  will,  at  the  ordinary  temperature  of  hurners  used  by  .sulphuric  acid  manu- 


a  Falding,   F.  J.,   The  manufacture  of  sulphuric  acid :   Mineral   Industry,   vol.   7,   1898, 
D.  653— G54. 
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facturers,  retain  in  chemical  combination  the  following  proportion  of  sulphur, 
which  will,  therefore,  not  be  available  for  making  acid: 


Foreach  per  cent  of i       Cu 

There  will  be  found  (per  cent  S) j        0. 50 


Zn 

0.50 


l'b  CaO 

0.15  0.57 


MgO 

0.80 


This  is  on  the  assumption  that  all  the  sulphides  are  converted  to  sulphates, 
which  is  by  no  means  the  case. 

The  amount  of  sulphur  retained  by  these  substances  varies  accord- 
ing to  the  roasting  condition  and  to  the  physical  character  of  the 
ore,  and  actual  operating  experience  with  any  particular  ore  is 
necessary  to  determine  the  actual  sulphur  retained  by  it.  For  ex- 
ample, during  a  recent  experiment  conducted  over  several  months 
by  a  large  and  carefully  operated  acid  plant,  in  which  noncupreous 
Spanish  pyrite  was  burned  in  comparison  with  a  domestic  copper 
ore,  the  latter,  in  spite  of  its  copper  content,  yielded  a  cinder  with 
an  average  sulphur  content  0.4  per  cent  less  than  the  noncupreous 
Spanish  ore.  This  result  was  due  to  the  fact  that  the  physical 
characteristics  of  the  domestic  ore  made  it  much  more  free  burning 
than  the  fine  textured,  noncupreous  Spanish  ore.  With  zinc,  lead, 
lime,  or  magnesia  present  the  retention  of  sulphur  by  these  impuri- 
ties would  be  more  nearly  as  indicated  above,  regardless  of  the 
physical  condition  of  the  ore. 

In  general,  the  figures  in  the  preceding  table  give  a  basis  for  a 
settlement  in  the  absence  of  any  data  obtained  from  actual  roasting 
of  ore.  For  example,  an  ore  containing,  say,  42  per  cent  sulphur, 
and  3  per  cent  zinc,  2  per  cent  CaO,  and  1  per  cent  MgO,  will  have 
only  about  37.6  per  cent  available  sulphur.  The  impurities  will 
retain  3.4  per  cent,  and  the  calcine  from  even  a  pure  ore  will  retain 
the  equivalent  of  at  least  1  per  cent  of  the  sulphur  in  the  original 
ore,  so  that  the  total  unavailable  sulphur  is  about  4.4  per  cent,  giving 
37.6  per  cent  as  available,  or  about  90  per  cent  of  the  total  sulphur 
content. 

Pyrite  ore  is  usually  sold  at  a  price  per  unit  of  sulphur  by  analysis. 
If  the  ore  mentioned  above  is  sold  at  a  price  of  10  cents  per  unit  the 
cost  of  the  ore  to  the  consumer  is  $4.20  per  ton  (2,240  pounds). 
However,  as  only  90  per  cent  of  the  sulphur  is  available  for  acid 
manufacture,  the  actual  cost  of  the  available  sulphur  per  unit  is 
11-1/9  cents. 

With  the  same  proportion  of  impurities,  an  ore  having  a  higher  sul- 
phur content  is  of  greater  value  per  unit  of  sulphur  than  an  ore  having 
a  lower  content.  Assume  two  pyrite  ores  to  be  free  from  the  impuri- 
ties that  would  retain  sulphur,  one  containing  45  per  cent  sulphur, 
and  the  other,  40  per  cent  sulphur.    It  is  readily  possible  that  under 
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suitable  roasting  conditions  the  sulphur  content  of  the  residues  from 
the  two  ores  may  be  reduced  to  2.0  per  cent.  However,  in  order  to 
obtain  the  same  units  of  available  sulphur,  it  is  necessary  to  roast 
L125  tons  of  the  ore  carrying  40  per  cent  sulphur  for  every  ton  of 
the  ore  containing  45  per  cent  sulphur.  Thus  the  cost  of  freight, 
loading,  unloading,  crushing,  and  roasting  per  unit  of  available 
sulphur  is  1'2\  per  cent  greater  for  the  40  per  cent  ore  than  for  the 
-}•">  per  cent  ore. 

As  regards  the  proportional  values  of  suiphur  in  45  per  cent  ore 
ami  in  35  per  cent  ore  the  difference  is  still  greater,  because  it  is 
well-nigh  impossible  to  reduce  the  sulphur  content  of  the  cinder  as 
low  in  burning  35  per  cent  ore  as  in  burning  the  45  per  cent  ore, 
without  the  use  of  a  special  type  of  roaster  or  of  external  heat.  The 
cinder  from  an  ore  containing  originally  only  35  per  cent  sulphur 
will  seldom  carry  less  than  2-|  and  usually  carries  4  per  cent  sulphur. 
Thus,  in  order  to  obtain  the  same  number  of  available  units  of  sul- 
phur, it  is  necessary  to  handle  37  per  cent  more  of  the  35  per  cent 
ore  than  it  would  of  the  45  per  cent  ore. 

The  other  constituents  of  the  ore  which  have  a  deleterious  effect 
in  the  manufacturing  processes,  or  which  reduce  the  value  of  the 
pyrite  for  acid  manufacture,  are  arsenic,  selenium,  and  other  volatile 
metallic  compounds,  including  compounds  giving  off  chlorine  or 
fluorine  in  roasting. 

Arsenic  and  selenium  in  proportions  less  than  0.20  per  cent  are  of 
little  or  no  consequence  in  the  manufacture  of  acid  by  the  chamber 
process.  In  fact,  at  several  chamber  plants,  ores  containing  as  high 
as  1.0  per  cent  are  being  utilized.  However,  with  a  large  proportion 
of  arsenic  present,  the  fumes  of  arsenic  trioxide  tend  to  clog  the  flues 
and  towers,  and  the  acid  produced  therefrom  contains  sufficient  ar- 
senic to  corrode  the  chambers.  Arsenic  is  very  deleterious  to  the  con- 
tact process,  and  when  ores  containing  even  a  trace  of  arsenic  are 
used  in  connection  with  this  process,  the  arsenic  must  be  completely 
removed  by  an  elaborate  and  rather  expensive  cleaning  system.  If 
the  ores  contain  more  than  0.2  per  cent  arsenic  the  necessary  clean- 
ing system  would  be  so  elaborate  that  the  cost  of  removal  would  be 
excessive,  and  ores  with  that  high  an  arsenic  content  are  not  suit- 
able in  any  way  to  the  contact  process. 

With  the  proportions  commonly  encountered  in  pyrite  ores,  these 
impurities  are  seldom  present  in  the  acid  in  amounts  of  any  conse- 
quence to  the  fertilizer  manufacturer,  or  to  some  other  manufacturers. 
In  acid  intended  for  "  pickling  "  iron  previous  to  tinning,  or  to  gal- 
vanizing, or  for  the  drug  trade,  or  for  the  general  use  of  the  chemical 
trade,  they  are  inadmissible.  In  general,  ores  containing  less  than 
0.1  per  cent  arsenic  are  termed  nonarsenical  and  are  sold  for  a  higher 
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price  than  arsenical  ores.  The  differential  in  price,  as  a  rule,  is  be- 
tween 0.5  and  1.0  cent  per  unit.  As  a  matter  of  fact,  the  penalty 
for  any  arsenical  ore,  especially  ore  with  a  high  arsenic  content,  may 
well  be  as  much  as  2  cents  per  unit  in  certain  localities. 

Volatile  metallic  compounds  are  deleterious  in  that  they  are  car- 
ried into  the  flues  and  tend  to  clog  the  Glover  towers  and  to  make 
"  dirty  "  acid — that  is,  acid  containing  these  metals  either  in  solution 
or  in  finely  divided  suspensions. 

Chlorine  and  fluorine  are  especially  undesirable  at  contact  acid 
plants,  as  will  be  discussed  in  a  subsequent  connection. 

Fluorine  is  injurious  to  the  lead  chambers,  and  to  the  packing  in 
the  Glover  tower  at  acid  plants.  Thus,  fluorides  are  not  desirable 
in  pyrite. 

Another  objectionable  impurity  in  pyrite  is  coal,  from  which 
hydrocarbons  may  be  distilled,  carrying  off  carbon  which  contami- 
nates the  acid.  Coal  or  carbon  is  objectionable  in  the  raw  material 
for  contact  plants,  as  any  carbon  monoxide  which  may  be  formed  is 
a  detriment  to  the  contact  process. 

GENERAL  DISCUSSION   REGARDING  PHYSICAL   CONDITION. 

Although  there  have  been  no  widely  accepted  standards,  pyrite  has 
been  sold  generally  in  three  sizes — lump,  "  furnace,""1  and  fines. 

Lump  ore  contains  no  pieces  over  18  inches  in  size,  and  all  the 
fines  have  been  screened  out. 

"  Furnace  "  ore  has  been  sized  through  a  2|-inch  or  3-inch  screen, 
or  ring,  onto  a  |-inch  screen.  Not  more  than  5  per  cent  of  the  ore 
should  be  finer  than  one-quarter  inch. 

More  careful  sizing  of  "  furnace  "  ore  than  the  above  should  be 
employed  to  get  the  best  results  in  lump  burners.  This  feature  is 
discussed  in  connection  with  the  operation  of  lump  burners. 

Fine  ore  includes  all  ore  and  concentrate  which,  will  pass  through, 
a  |-inch  screen. 

A  large  consumer  having  burners  for  both  lump  and  fines  may  buy 
lump  ore  or  "  run-of-mine  ore  "  and  crush  and  screen  it  to  provide 
the  desired  proportions  of  lump  and  fines.  The  purchaser  is  usually 
allowed  25  to  50  cents  per  ton  to  cover  the  cost  of  crushing  and 
screening. 

In  this  country  heretofore  it  has  been  customary  to  price  Spanish 
ore  fines  at  about  2  cents  per  unit  of  sulphur  less  than  the  price  of 
furnace  size. 

Some  ores  act  explosively  or  decrepitate  in  the  burners.  Thus 
certain  furnace-size  ores  may  produce  a  large  amount  of  fines  in  the 
burners,  which  will  fall  through  the  grates  unburned,  causing  high 
sulphur  losses  and  possibly  other  detrimental  features,  such  as  clinker- 
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ing  and  matting  on  the  grate  bars.  Decrepitation  is  due  generally 
to  the  presence  of  hydrated  silicates  and  can  be  prevented  only  by 
a  preliminary  heating  before  burning. 

Certain  pyrite  ores  burn  more  readily  than  others — that  is,  are  free 
burning — because  of  the  physical  character  of  the  particles  of  ore, 
-whether  granular  or  in  a  dense  mass  of  fine-grained  particles.  Such 
characteristics  can  be  determined  only  by  test. 


PYRITE-IURN1XG  CAPACITY  IN  UNITED  STATES. 

The  total  sulphur  requirements  in  the  form  of  fine  and  lump 
pyrite  ore,  if  all  pyrite-buming  equipment  in  this  country  should 
be  operated  at  capacity  on  pyrite  alone,  would  amount  to  840,000  long 
tons,  of  which  480,000  tons  would  be  sulphur  in  lump  ores.  This 
would  be  equivalent  to  about  2,500,000  tons  of  pyrite  containing  40 
per  cent  sulphur. 

Of  the  total  pyrite  requirements  almost  50  per  cent  is  for  the  acid 
plants  in  zone  1 — that  is,  along  the  Atlantic  seaboard  north  of  the 
North  Carolina  line.  The  following  table  gives  the  approximate  re- 
quirements of  sulphur  in  the  form  of  lump  and  fine  pyrite  in  the 
several  zones: 

Sulphur-  required  in  the  form  of  pyrite  to  operate  all  plants  in-  United,  States 
equipped  with  pyrite  burners. 


Zone. 

Fines. 

Lamp  or  furnace  size. 

Long  tons. 

Percent- 
age of 
total 
fines. 

Long  tons. 

Percent- 
age of 
total 
lump. 

1 

290,000 
53,000 
27.000 
57,000 
53,000 

60.4 
10.9 
5.5 
12.0 
11.2 

135,000    |        37.5 
63,000    i        18.0 
19,000              5.2 

138, 000            37. 8 
5,000              1.5 

2 

3 

4 

5  and  6 

480,000 

100.  0 

360, 000    j       100. 0 

SPANISH   PYRITE. 

The  pyrite  deposits  of  southern  Spain  and  Portugal  are  by  far 
the  most  important  in  the  world,  as  before  the  war  they  supplied 
about  TO  per  cent  of  the  world's  consumption  of  pyrite.  The  area 
in  which  deposits  are  situated  is  about  100  miles  long  by  12  to  18 
miles  mide  and  extends  from  Aznol-Collar.  in  Spain,  to  San  Do- 
mingos,  in  Portugal.  The  total  resources  of  ore  in  this  district  are 
estimated,  by  J.  H.  L.  Vogh,  a  Norwegian  geologist,  to  be  about 
1,000,000.000*  tons. 

The  annual  production  from  this  area  is  about  4,000,000  tons,  of 
which  400,000  tons  is  obtained  from  Portugal,  the  rest  from  Spain. 
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In  1910  the  exports  of  pyrite  from  Spain  were  distributed  about  as 

follows : 

Exports  of  pyrite  from  Spain,  1910. 
To —  Long  tons. 

United   States  and  Canada 700,000 

Germany    800,000 

England 800,000 

France  and  Belgium 500,  000 

Only  the  high-grade  smelting  ores,  ores  of  low  sulphur  content, 
and  a  small  amount  diverted  to  the  local  phosphate  industry  are 
retained  in  the  country. 

The  ores  may  be  classed  roughly  as  follows : 

1.  Ore  containing  over  5  per  cent  copper,  smelting  grade,  retained 
in  Spain. 

2.  Ore  containing  1^  to  5  per  cent  copper.  This  ore  is  largely 
exported  to  European  points  for  the  recovery  of  copper,  sulphur, 
and  iron. 

3.  Ore  containing  about  1^  per  cent  copper. 

4.  Ores  containing  too  small  a  percentage  of  copper  to  warrant 
recovery  of  the  copper.  These  ores  are  sold  only  for  the  sulphur 
content. 

The  deposits  are  worked  by  open-cut  methods,  with  a  mining  cost, 
including  cost  of  removal  of  the  overburden,  of  approximately  $1 
per  ton.  The  ore  is  transported  30  miles  to  Huelva,  where  it  is 
dumped  into  ore  pockets,  from  there  into  vessels.  Ore  containing 
49  per  cent  sulphur  has  been  sold  f.  o.  b.  Huelva  for  less  than  $3 
per  ton. 

A  considerable  part  of  the  ore  of  class  3,  which  is  shipped  to 
America,  is  first  treated  at  the  mines  by  being  spread  out  in  beds 
and  exposed  to  the  weather.  The  beds  are  turned  over  or  stirred 
at  intervals  and  are  frequently  wet  down  with  water  to  leach  out 
the  copper,  which  has  been  rendered  soluble  by  the  atmospheric 
oxidation  and  by  the  action  of  ferric  sulphate.  In  about  three 
years'  treatment  of  this  kind  the  copper  content  is  reduced  to  about 
0.3  per  cent,  the  iron  pyrite  remaining  practically  unchanged.  The 
sulphur  content  is  frequently  increased.  The  ore  is  then  sold  as 
"  washed  ore." 

Two  of  the  companies  selling  Spanish  pyrite  ores  in  this  country 
dispose  of  part  of  the  copper-bearing  unwashed  ores  under  a  form 
of  contract  by  which  the  sulphur  content  alone  is  paid  for,  the 
pyrite  cinder  reverting  to  them.  These  companies  have  plants  for 
treating  the  cinder  for  the  recovery  of  the  copper  by  a  chlorination 
and  lixiviation  process,  after  which  the  residue  is  sintered  and 
shipped  to  the  iron  furnaces. 

The  chief  importers  of  Spanish  pyrite  ore  in  this  country  have 
been: 
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Pyrites  Co.  (Ltd.);  offices  in  London  and  New  York;  leaching 
and  sintering  plants  at  Wilmington,  Del.,  and  Roanoke,  Va. 

Pennsylvania  Salt  Mfg.  Co.;  offices  in  Philadelphia,  Pa.;  leach- 
ing and  nodnlizing  plants  at  Philadelphia  and  Natrona,  Pa. 

Naylor  &  Co.;  offices  in  New  York. 

Davis  Sulphur  Ore  Co. ;  offices  in  New  York. 

Ladenburg,  Thalman  &  Co.;  offices  in  New  York.  This  company 
ships  ore  from  Pomaron.  Portugal. 

In  1895  and  1005  the  New  York  price  for  Spanish  ore  was  10  cents 
per  unit  of  sulphur.  Just  before  the  war  the  price  was  12  to  12^ 
cents  per  unit.  At  that  time  freight  rates  from  Spanish  ports  to 
New  York  were  between  $2.25  and  $2.50  per  ton.  In  the  contracts 
for  the  sale  of  Rio  Tinto  ore  prevailing  before  the  war,  when  the 
cinder  was  retained  by  the  buyer,  $1  to  $1.50  per  ton  of  pyrite  was 
charged  in  addition  to  the  charge  for  sulphur.  This  charge  was 
based  on  the  value  of  the  iron  content  of  the  ore  to  the  iron  industry. 
The  treatment  of  the  pyrite  cinder  to  prepare  it  for  the  iron  blast 
furnace,  such  as  briqueting,  nodnlizing,  and  sintering,  is  discussed 
elsewhere  in  this  report  (pp.  201  to  207). 

The  sulphur  content  of  the  Spanish  ore  imported  to  this  country 
varies  between  15  and  50  per  cent — the  lump  will  run  IT  to  49  per 
cent  and  the  fine  45  to  4T  per  cent.  The  arsenic  content  occasionally 
runs  as  high  as  0.8  per  cent,  but  averages  about  0.36  per  cent.  The 
lead  and  zinc  contents  usually  total  less  than  1  per  cent. 

Prior  to  1890  the  importation  of  Spanish  pyrite  was  less  than 
20.000  tons.  During  the  period  1890  to  1900  the  importations  had  in- 
creased to  about  300,000  tons  per  year.  By  1910  the  importations 
had  increased  to  700,000  tons.  In  1914  about  900,000  tons  were  im- 
ported. The  greatest  tonnage  imported  in  any  year  was  in  1916, 
when  1,200,000  tons  were  received,  the  heavy  demand,  of  course, 
being  due  to  the  large  acid  requirements  for  the  manufacture  of 
munitions.  In  1917  the  importation  was  reduced  to  about  750,000 
tons,  this  decrease  being  due  to  the  shortage  in  ships. 

The  difficulty  of  obtaining  ships  became  even  greater  in  the  early 
months  of  1918,  and  the  importations  in  the  first  three  months 
averaged  less  than  50,000  tons  per  month.  In  April,  1918,  it  became 
necessary  for  the  United  States  Shipping  Board  to  ask  for  a  still 
greater  curtailment  in  the  importations.  As  a  result  of  a  conference 
held  under  the  auspices  of  the  War  Industries  Board  in  April,  at 
which  representatives  of  the  importers  and  the  consumers  were 
present,  the  importations  were  restricted  to  a  total  of  125.000  tons 
between  April  1  and  October  1,  1918.  The  amount  of  pyrite  actually 
imported  during  that  time,  however,  was  less  than  the  allowable 
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125.000  tons.  The  total  importations  of  Spanish  ore  during  the  year 
1918  was  about  270,000  tons. 

The  principal  ports  of  entry  of  the  Spanish  ore  for  the  last  five 
years  have  been  Xew  York,  Philadelphia,  and  Baltimore,  between  55 
2Der  cent  and  60  per  cent  of  the  total  importation  going  through  these 
ports.  Charleston,  S.  C,  and  Savannah,  Ga..  each  receive  about  10 
per  cent,  most  of  the  rest  being  received  at  Boston,  Mass.,  Norfolk, 
Va.,  Wilmington,  X.  C,  Jacksonville,  Fla.,  and  Xew  Orleans,  La. 

During  the  war  the  price  of  Spanish  ore  was  greatly  increased  over 
the  prewar  prices,  because  of  the  high  freight  rates.  The  ore  was 
sold  to  the  consumer  usually  on  a  basis  of  the  old  prewar  quotations 
plus  the  excess  freight  charges,  which  brought  the  price  in  the  South 
Atlantic  ports  to  as  high  as  35  cents  per  unit,  with  an  average  of  per- 
haps 30  cents. 

Since  the  first  of  the  year,  1919,  the  freight  rates  from  Huelva  to 
Xew  York  have  been  decreased  to  $3.50  to  $4  per  ton.  With  that 
rate  the  Spanish  ore  was  quoted  in  July  in  Xew  York  at  about  16 
cents  per  unit  of  sulphur. 

Spanish  ore  is  sold  both  in  "  furnace  size  "  and  in  fines  size,  the  fur- 
nace ore  going  primarily  into  the  South,  where  the  greater  propor- 
tion of  the  plants  having  lump-burner  equipment  are  situated,  and 
the  fines  going  to  the  northern  acid  plants.  It  has  been  customary 
to  price  the  Spanish  fines  at  about  2  cents  per  unit  less  than  the 
market  price  of  the  furnace  size.  This  is  due  to  the  fact  that  as  a 
rule  the  Spanish  ore  is  of  very  fine  texture  and  the  fines  from  the  ore 
contains  a  great  deal  of  "  float  dust."  This  fine  dust  rising  with 
the  gases  from  the  furnace  tends  to  clog  the  flues,  towers,  and  the 
entire  chamber  system,  and  the  fines  tend  to  cake  in  the  hottest  part  of 
the  furnace.  In  fact,  Spanish  fines  have  given  so  much  difficulty  in 
manipulation  that  the  acid  manufacture  has  penalized,  the  fines  to 
some  extent,  though  as  a  matter  of  fact  the  differential  is  arbitrary. 

DOMESTIC  PYRITE. 
GROWTH  IN  PRODUCTION. 

Prior  to  1885  the  production  of  pyrite  in  this  country  was  less 
than  50,000  tons  per  year.  By  1890  the  production  had  been  in- 
creased to  about  100.000  tons  per  year,  and  this  was  about  the  rate 
of  production  till  1895  and  1896.  At  that  time  the  new  acid  plants 
in  the  South  were  beginning  to  require  more  pyrite,  with  the  result 
that  the  production  was  rapidly  raised  to  about  200,000  tons  per 
year  in  1900.  About  70  per  cent  of  this  production  was  from  Vir- 
ginia and  North  Carolina,  25  per  cent  from  Massachusetts  and  Xew 
York,  and  the  rest  from  California  and  Colorado.  By  1905  the  pro- 
duction had  increased  to  about  250,000  tons,  and  this  was  approxi- 
mately the  rate  up  to  and  including  1910.     Of  this  production,  about 
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per  cent  came  from  Virginia,  20  per  cent  from  California,  20  per 
cent  from  Massachusetts  and  New  York,  7  per  cent  from  Alabama 
and  Georgia,  and  the  rest  largely  from  Illinois  and  Ohio.  Since 
1010  the  production  has  been  as  follows: 

Pr&Luctioti  of  ),urih   in  the  I  nitci  Btatea,  inil-19i"t.a 


Year. 

Tons. 

Year. 

Tons. 

1911 '      299.904 

1912 1      350,928 

1913 !      341.338 

1914  . 

1915 

394,124 
423,556 

462, 662 
404,494 

1916 

1917 

1918 

•  From  statistics  compiled  by  United  States  Geological  Survey. 

In  1913  the  total  production,  about  311,000  tons,  was  obtained  from 
the  States  as  follows : 

Production  of  pyrite  by  Bt&es,  1913. 


Virginia 

C  -ilii'ornia 

Wisconsin 

Georgia 

Illinois 

Indiana  and  Ohio 
Other  States 

Total 


Tons. 

Per  cent. 

lis.  200 

43.5 

70. 500 

20.6 

25, 200 

7.4 

11,100 

3.2 

11,200 

3.3 

14,800 

4.4 

60,000 

17.6 

341,000 

100.0 

in  1918  the  total  production,  about  404,000  tons,  was  obtained  as 

follows : 

Production  of  pyrite  by  States,  191S.a 


Virginia 

Cilifornia... 
New  York. . 

Georgia 

Illinois 

Colorado 

Ohio 

Missouri 

Other  States 


Total 


Tons. 

Per  cent. 

143,427 

30.8 

111,861 

23.9 

63,9S2 

13.7 

31,315 

6.7 

24,369 

5.2 

18,817 

4.5 

9.845 

2.1 

7,674 

1.6 

53.204 

11.5 

464,494 

100.0 

°  From    statistics    compiled    by    United    States    Geological    Survey. 


OCCURRENCE    OF    THE   PYRITE. 

The  principal  pyrite  deposits  of  the  eastern  half  of  the  United 
States  are  found  in  the  Appalachian  Mountain  range  in  scattered 
districts  from  Xew  England  to  Alabama,  the  principal  commer- 
cially exploited  deposits  being  found  in  northern  Xew  York,  in 
Virginia,  northern  Georgia,  and  in  northeastern  Alabama. 

Pyrite  is  also  obtained  in  Missouri,  Colorado,  and  other  Western 
States.    California  also  is  a  large  producer  of  pyrite. 
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In  southwestern  Wisconsin  a  marcasite  ore  is  found,  but  the 
greatest  production  in  that  district  is  obtained  as  a  by-product  in 
the  concentration  of  zinc  blende  from  a  mixture  of  zinc  and  iron 
sulphites. 

As  a  general  rule,  the  domestic  pyrite  ores,  when  mined,  produce 
more  fines  than  they  do  lump  ore.  The  average  proportion  is  two- 
thirds  fines'  and  one-third  lump.  This  fact  has  caused  considerable 
difficulty  during  the  last  two  years  in  marketing  the  pyrite  pro- 
duced in  the  southern  field.  The  southern  pyrite  has  been  primarily 
fine  ore  and  fine  concentrates  from  milling  operations,  whereas  the 
greater  proportion  of  the  southern  plants  are  equipped  for  burning 
lump  or  furnace  ore.  The  northern  pyrite  producers,  however,  have 
had  no  difficult}^  in  disposing  of  their  fines  as  well  as  their  lump 
ore  output,  as  the  furnace  equipment  in  the  Xorth  consists  primarily 
of  fines  burners.  The  distribution  of  fines  and  lump  burners  in 
the  various  sections  of  the  country  is  discussed  elsewhere  in  this 
report  (pp.  63  to  69).  A  large  proportion  of  the  ore  in  the  East  must 
be  crushed  and  concentrated  before  it  is  put  on  the  market.  The  aver- 
age eastern  domestic  pyrite — lump,  fines,  or  concentrates — will  run 
about  40  per  cent  sulphur.  An  occasional  mine  or  concentrating 
mill  will  produce  material  running  as  high  as  45  or  47  per  cent 
sulphur,  and,  on  the  other  hand,  some  material  runs  as  low  as  35, 
per  cent  sulphur. 

The  ores  as  a  rule  are  very  low  in  phosphorus  and  arsenic.  They 
frequently  contain  copper  in  proportions  varying  up  to  2  or  3  per 
cent,  with  small  amounts  of  lead  and  zinc. 

The  domestic  fines  and  concentrates  as  a  rule  are  less  difficult  to 
roast  than  the  Spanish  fines,  because  the  individual  grains  of  pyrite 
appear  to  be  coarser  and  there  is  less  tendency  for  the  material  to 
dust  and  to  clog  the  hearths, 

PYRITE  MINES  IN  UNITED  STATES. 

A  brief  mention  may  be  made  of  the  mines  in  the  country  which 
have  been  producing  ore  recently,  or  which  have  made  preparation 
to  produce  ore  within  the  last  year  (1918). 

New  York  and  Massachusetts. — Prior  to  1910  the  Davis  mine  in 
the  Charlemont  district  in  Massachusetts  was  an  important  pro- 
ducer, but  on  account  of  a  cave-in,  the  production  was  suspended  in 
1910.  Since  then  the  production  in  Massachusetts  has  been  practi- 
cally negligible. 

In  Xew  York  the  principal  producers  during  the  last  two  years 
have  been : 

1.  The  mine  of  the  St.  Lawrence  P}-rites  Co.,  near  Herman,  in  St. 
Lawrence  County.     This  mine  has  been  producing  for  more  than 
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10  years.     The  crude  ore  runs  about  20  per  cent  sulphur,  and  the 
concentrates  from  the  mill  run  approximately  42  per  cent  sulphur. 

2.  The  Northern  Ore  Co.,  in  the  Edwards  district,  St.  Lawrence 
County.  Pyrite  is  produced  by  this  company  as  a  by-product  in 
zinc  concentration. 

3.  The  mine  of  the  Xew  York  Pyrites  Co.,  near  Gouvcneur,  in  St. 
Lawrence  County.  The  company  shipped  lump  ore  during  1918  and 
is  now  prepared  to  ship  concentrates. 

Virginia. — Virginia  has  always  been  the  largest  producer  of  pyrite 
in  the  East.  The  principal  producing  or  near-producing  mines  in 
Virginia  are  located  east  of  the  Blue  Ridge  in  the  central  and  north- 
western parts  of  the  State,  in  a  well-defined  belt  which  runs  north- 
east through  Buckingham,  Fluvanna,  Louisa,  Spotsylvania,  Stafford, 
and  Prince  William  Counties.  There  are  three  producing  mines 
grouped  around  Mineral,  in  Louisa  County.  The  principal  mines  in 
this  State  are  as  follows : 

1.  Armenius  mine,  about  lj  miles  north  of  Mineral.  Prior  to  1916 
this  mine  produced  between  50,000  and  60,000  gross  tons  of  lump 
pyrite  and  concentrates  per  year.  Its  production  was  reduced  to  less 
than  1,000  tons  per  month  by  a  cave-in  of  the  main  shaft  early  in 
1916.    This  mine  is  now  being  operated  by  the  Grasselli  Chemical  Co. 

2.  Boyd-Smith  mine :  Three-fourths  mile  south  of  Armenius  and 
2  miles  from  Mineral.  This  mine  was  operated  in  1918  by  E.  I. 
du  Pont  de  Xemours  Powder  Co. ;  it  ships  mostly  concentrates  with 
a  small  output  of  lump  ore. 

3.  Sulphur  mine,  near  Mineral,  in  Louisa  County.  This  mine  was 
operated  in  1918  by  the  Virginia-Carolina  Chemical  Co.;  it  has 
shipped  for  35  years  and  the  principal  output  now  is  concentrates 
and  fines. 

4.  Julia  mine,  about  1  mile  southwest  of  Mineral.  This  property 
was  developed  in  1918  by  the  Armour  Fertilizer  Co. 

-    Other  producing  mines  in  the  State  are : 

5.  Old  Dominion  Sulphur  Corp.  mine,  near  Garrisonville,  Staf- 
ford County,  Va.  The  product  shipped  is  a  concentrate  carrying 
47  per  cent  sulphur. 

6.  Cabin  Branch  mines,  near  Dumfries,  Prince  William  County, 
Va.  This  mine,  owned  in  1918  by  the  American  Agricultural 
Chemical  Co.,  ships  lump  ore  and  concentrates. 

Several  other  deposits  were  developed  to  a  greater  or  less  degree 
during  1918,  but  no  production  was  obtained  from  them. 

South  Carolina. — The  only  producer  of  pj-rite  in  South  Carolina 
is  the  mine  of  the  Kershaw  Mining  Co.  in  Lancaster  County.  This 
mine,  which  was  started  early  in  1918,  has  shipped  a  small  tonnage 
of  lump  pyrite,  but  the  product  is  principally  a  concentrate  carrying 
copper. 
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Georgia. — Mine  of  the  Chestatee  Pyrite  &  Chemical  Corp.,  at  Ches- 
tatee,  in  Lumpkin  County.  This  property  was  under  extensive  de- 
velopment in  1917  and  1918.  In  1917  the  shipments  were  lump  ore, 
but  in  1918  shipments  of  fines  and  concentrates  were  begun.  The  ore 
body  here  is  the  largest  developed  in  the  State.  A  power  plant  de- 
veloping 1,000  horsepower  has  been  installed,  and  a  branch  con- 
necting- with  the  Gainesville  &  Northwestern  Railroad  at  Clermont 
has  been  completed. 

2.  Mine  of  the  Standard  Pyrites  Co.,  in  Cherokee  County,  7  miles 
southeast  of  Ball  Ground,  on  the  Louisville  &  Nashville  Railroad. 
This  mine  produces  coarse  granular  pyrite,  which  is  concentrated  to 
a  45  per  cent  product.  The  product  is  free  from  arsenic  and  copper. 

3.  Mine  of  the  Marietta  Mining  Co.,  at  Marietta,  in  Cobb  County. 
This  mine  produces  a  granular  pyrite  which  is  concentrated. 

4.  Mines  of  the  Marietta  Mining  Co.,  at  Villa  Rica,  in  Colt  County, 
developed  during  1918. 

5.  Shirley  mine  of  the  Georgia  Mining  Co.,  near  Hiram,  Paulding 
County.  Some  ore  has  been  shipped  from  this  mine,  but  it  is  still 
being  developed. 

6.  Little  Bob  mine,  near  Hiram,  operated  by  Hanna  &  Co.,  of  Cleve- 
land. This  mine  is  capable  of  producing  about  one-half  lump  ore; 
the  remainder  can  be  readily  concentrated  to  40  per  cent  sulphur. 

7.  Mine  of  the  Sulphur  Mining  &  Railroad  Co.,  a  subsidiary  of 
the  Virginia-Carolina  Chemical  Co.,  at  Villa  Rica,  Carroll  County. 
This  mine  has  produced  for  20  years  up  to  1918.  Some  work  was 
done  in  1918  toward  re-treating  some  of  the  old  tailings  from  the 
concentrator. 

Alabama.. — 1.  Property  of  National  Pyrites  &  Chemical  Co., 
P}-riton,  Clay  County.  Both  lump  and  concentrates  are  shipped. 
The  ore  carries  about  1  per  cent  copper. 

2.  Carpenter  mine,  Pyriton,  Clay  County,  owned  by  the  Southern 
Sulphur  Ore  Co.  In  1918  this  mine  produced  lump  ore.  However, 
the  fines  ore  can  be  concentrated  to  a  suitable  product 

3.  Mattison  mine,  near  Pyriton. 

Missouri. — 1.  Missouri  Cobalt  Co.,  of  Fredericktown,  Madison 
County,  has  shipped  a  concentrate  containing  copper,  cobalt,  nickel, 
and  sulphur. 

2.  "  Hobo "  mine  of  the  American  Agricultural  Chemical  Co., 
situated  about  6  miles  southeast  of  Bourbon,  Crawford  County. 

3.  Cherry  Valley  iron  mine,  near  Steelviile,  Crawford  County. 

4.  Beulah  mine,  1  mile  south  of  Kelsey,  operated  by  the  Commer- 
cial Acid  Co.,  of  St.  Louis. 

Much  of  the  ore  mined  in  the  "  filied-sinks  "  area,  which  lies  adja- 
cent to  the  Frisco  Railroad  between  St.  Clair  and  Rolla  in  Franklin 
and  Crawford  Counties,  and  in  which  the  three  last-named  mines 
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are  situated,   is  marcasitc.  which  tends  to  spontaneous  combustion, 
and  is  therefore  difficult  to  ship.. 

Wigcons&b. — The  Wisconsin  district  does  not  produce  any  htrge 
tonnage  of  raw  pyrile,  but  has  an  annual  production  of  ginc-1 

^utrates.  which  is  shipped  to  zinc  smelters  in  Illinois,  and 
H    by-product    containing    about    28    per    cent    sulphur.      This 
product  during  the  last  few  years  has  been  shipped  to  an  acid  pi 
The  ores  iu  this  district  are  treated  as  follows:    They  are  era 
and    .110   then   given   a   "flash   roast,"   which   oxidizes   a  small 
cent age  of  the  total  sulphur,  practically  the  volatile  atom  of  i 

:]•  in  the  pyrite,  thereby  making  the  iron  sulphide,  which  rem. 
magnetic.     The  calcine  is  then  treated  under  the  magnet,  and 
high-zinc,  low-iron  concentrate  and  a  magnetic  iron  sulphide  ta:. 

.uicd.     The  companies  that  have  shipped  iron-sulphide  tail 
Hill  Mining  Co..,  Cuba  City,  Wis.;  the  Wiseon 
Co.,  Now  Diggings,  Wis.;  and  the  Mineral  Point  Zinc 
Mineral  Point,  Wis. 

dorado. — Extensive  deposits  of  pyrite  have  been  developed 
various  mining  districts  of  Colorado.     The  Leadville  district  al 
if  properly  equipped,  could  produce  a  daily  output  of  at  least  J 
tons.     The  Colorado  pyrite  is  used  to  some  extent  by  the  Wes; 
Chemical  Manufacturing  Co.  at  Denver,  and  during  the  war  s 
small  shipments  were  made  to  acid  plants  in  Georgia.     HoweA  c 
high   freight   rates  have   always  prohibited   general   competition 

•is  east  of  the  Mississippi  River.     The  Colorado  ore  is  general; 
soft  and  granular;  the  lump  ore  decrepitates  in  the  furnace, 
therefore  can  be  used  only  in  fines  burners. 

CoJ/foru'to. — There  are  many  large  deposits  of  high-sulphur 
pyrite  in  California.  The  principal  deposits  of  pyrite  contain  cop- 
per or  gold,  besides  the  sulphur,  and  the  roasting  operations  f; 
which  the  acid  is  made  are  preliminary  to  the  smelting  operations 
tions  by  which  the  valuable  metals  are  recovered.  The  principal 
mines  are: 

1.  Mine  of  Mountain  Copper  Co.,  near  Keswick,  Shasta  County. 
This  mine  produces  both  lump  and  fines:  the  ore  contains  nearly 
:     per  cent  sulphur,  and  is  smelted  for  the  copper  and  gold  content. 

2.  Daily  Farm  mine,  in  Placer  County. 

3.  Mine  of  Leona  Chemical  Co.,  near  Oakland,  Alameda  County. 

4.  Mine  of  StaufTer  Chemical  Co.,  near  Oakland. 
Other  States. — Pyrite  ores  are  found  in  various  other 

the  amount  produced  primarily  for  acid  manufacture  is  v?v  small 
and  need  not  be  considered  here. 

CANADIAN   PYRITE. 

According  to  the  available  records,  the  mining  of  pyrite  in 
Canada  began  in  1880,  when  ores  were  mined  in  the  Sherbrooke 
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district,  Quebec,  for  exportation  to  the  United  States  for  the  manu- 
facture of  acid."  With  the  exception  of  a  few  years  (about  the 
year  1890),  until  the  year  1010  the  production  of  pyrite  in  Canada 
"was  less  than  50.000  long  tons  per  year,  of  which  approximately 
30,000  tons  was  shipped  into  the  United  States.  In  the  last  seven 
years  the  production  has  increased  rapidly  from  80,000  tons  in  1912 
to  about  300,000  tons  in  1917.  In  191 T  the  imports  to  the  United 
States  from  Canada  were  about  180,000  tons,  and  in  1918  weic 
nearly  225,000  tons.  The  sulphur  content  of  the  Canadian  ores 
shipped  during  the  last  several  years  has  been  low,  averaging  not 
much  higher  than  37  per  cent,  though  ores  from  certain  districts 
contain  about  40  per  cent  sulphur. 

The  following  is  a  list  of  the  companies  operating  pyrite  mines 
in  Canada  during  the  last  two  years: 

Eustis  Mining  Co.,  Eustis,  Quebec.  Office,  131  State  Street,  Bos- 
ton, Mass. 

TVeedon  Mining  Co.,  TVeedon,  Quebec.    Office,  Portland,  Me. 

Nichols  Chemical  Co.,  of  Canada,  Sulphide,  Ontario.  Officer  25 
Broad  Street,  New  York,  N.  Y. 

Southern  Pyrites  Co.,  North  Pine,  Ontario.  Office ;  2o  Broad 
Street,  New  York,  N.  Y. 

Algoma  Steel  Corp.,  Sault  Ste.  Marie,  Ontario. 

Canadian  Sulphur  Ore  Co.,  Queensboro,  Ontario. 

La  Mine  de  Cuivre  et  Or.,  Stratford,  Quebec. 

Madoc  Mining  Co.,  Goudreau,  Ontario.  Office:  25  Broad  Street, 
New  York,  N.  Y. 

Boyd  Caldwell  &  Co.,  Lenark,  Ontario. 

Rand  Consolidated  Mines,  Gondreau,  Ontario.  Office :  853  Elli- 
cott  Square,  Buffalo,  N.  Y. 

The  pyrite  production  in  Canada  is  almost  wholly  in  the  hands 
of  United  States  organizations,  and  that  produced  by  Canadian  citi- 
zens is  sold  chiefly  to  United  States  organizations  operating  in  Can- 
ada. The  greater  part  of  the  Canadian  export  pyrite  is  not  placed 
on  sale  in  the  United  States,  but  is  shipped  directly  to  the  acid 
plants  owned  by  the  organizations  producing  the  pyrite. 

There  are  unworked  deposits  in  various  parts  of  the  country, 
notably  those  in  the  Goudreau  mines  area,  177  miles  south  of  Sault 
Ste.  Marie  and  about  40  miles  from  Michipicoten  Harbor,  on  Lake 
Superior.  The  ores  in  this  area  will  average  not  more  than  35  per 
cent  sulphur.  The  development  and  working  of  these  deposits  is 
largely  a  question  of  getting  a  market  for  the  ores. 

The  ores  from  Quebec  are  used  primarily  in  the  New  England  acid 
plants;  those  from  eastern  Ontario  in  the  Buffalo,  Cleveland,  and 

"Geol.   Survey,   Canada,   Report  for   1S86,   pt.   5,  p.  61. 
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Pittsburgh  district-:  and  those  from  northern  Ontario  in  the  Chicago 
district. 

Canadian  ore  when  sold  on  the  market  is  sold  usually  on  the  basis 

of  New  York  market  quotations;  and  these,  prior  to  1917,  were  con- 
trolled by  the  price  of  Spanish  ore.  During  the  war  the  quotations 
were  very  irregular  and  were  subject  to  considerable  controversy. 

PYRRHOTITE. 

As  pure  pyrrhotite  contains  only  39.87  per  cent  sulphur,  whereas 
pure  pyrite  contains  53  per  cent,  pyrrhotite  ores  formerly  have  not 
been  considered  suitable  as  a  raw  material  for  the  manufacture  of 
sulphuric  acid.  However,  pyrrhotite  has  been  utilized  for  that  pur- 
pose for  many  years  by  the  General  Chemical  Co.  at  its  contact  acid 
plant  at  Pulaski.  Ya.  This  is  the  only  plant  in  the  United  States 
where  such  practice  exists. 

DEPOSITS. 

There  are  enormous  deposits  of  pyrrhotite  in  the  eastern  part  of 
the  United  States,  notably  at  the  following  places : 

1.  Deposit  near  Katahdin  Iron  Works,  in  Piscataquis  County, 
Maine.  This  deposit  was  examined  by  E.  S.  Bastin,  of  the  United 
States  Geological  Survey,  in  1918,  who  reported  that  it  is  2,300  feet 
long  and  300  to  700  feet  wide,  containing  on  an  average  100,000  long 
tons  of  ore  for  every  foot  of  depth.  The  ore  carries  26  to  35  per  cent 
sulphur,  less  than  0.01  per  cent  phosphorous  and  less  than  0.001  per 
cent  arsenic.  It  is  estimated  that  this  ore  may  be  laid  down  in  New 
York  City  for  about  13.5  cents  per  unit  of  sulphur.0 

■2.  The  Gossam  mine  of  the  General  Chemical  Co.,  at  Monaret, 
Carroll  County,  in  southwestern  Virginia.  This  is  the  largest  de- 
veloped body  of  pyrrhotite  in  the  East.  The  deposit  itself  can  be 
traced  continuously  by  its  outcrop  from  New  River,  near  Oldtown, 
northeastward  beyond  the  Betty  Baker  mine  for  a  distance  of  18 
miles.  The  ore  is  the  raw  material  for  the  acid  plant  at  Pulaski,  and 
as  fed  into  the  roasters  at  that  plant  has  practically  the  following 
analysis: 

Analysis  of  pyrrhotite  fed  to  roasters  at  Pulaski,  Vn. 
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«  News  item,  Large  pyrrhotite  deposits  in  Maine  :   Eng.  and   Min.  Jour.  vol.   104,   Oct. 
7,  1017,  pp.  7.j8-750. 
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3.  Deposits  of  mixed  pyrrhotite  and  pvrite  in  tlie  Ducktown  dis- 
trict in  Southeastern  Tennessee.6  The  principal  developed  properties 
are  (1)  the  Burra  Burra  property,  (2)  the  East  Tennessee  and 
Mary  mines,  (3)  the  Isabella  Eureka  property,  and  (4)  the  School 
Cherokee  property.  The  Burra  Burra  deposit  probably  has 
10,000,000  tons  of  ore  carrying  between  25  and  30  per  cent  sulphur. 
This  deposit  is  being  worked  by  the  Tennessee  Copper  Co.,  the  ore 
being  smelted  in  a  blast  furnace  and  the  gases  utilized  for  the  manu- 
facture of  sulphuric  acid. 

The  ores  of  the  East  Tennessee  mine  and  the  Mary  mine  are  smelted 
by  the  Ducktown  Sulphur,  Copper  &  Iron  Co.  at  the  smelter  at 
Isabella,  and  the  gases  converted  into  sulphuric  acid. 

In  the  Isabella  Eureka  and  the  School  Cherokee  deposit,  probably 
5,000,000  tons,  carrying  about  29  per  cent  sulphur,  have  been  blocked 
out. 

BURNING. 

As  the  pyrrhotite  contains  no  free  atom  of  sulphur,  it  can  not 
be  burned  in  lump  burners,  and  is  much  more  difficult  to  burn  in 
a  fines  burner  than  is  pvrite.  In  fact,  it  has  been  found  that  in  order 
to  burn  pyrrhotite  at  all  successfully  in  the  ordinary  types  of  fines 
burners  the  ore  must  be  crushed  to  at  least  30  mesh.  Xot  only  is 
pyrrhotite  much  more  difficult  to  ignite,  but  it  has  such  a  low  sulphur 
content  that  the  heat  of  oxidation  has  to  be  conserved  in  order  to 
carry  on  the  process  continuously.  At  the  plant  of  the  General 
Chemical  Co.,  at  Pulaski,  the  fines  roasters  are  insulated  on  the  out- 
side of  the  shell  with  a  magnesia-asbestos  covering  about  2|  to  3 
inches  thick,  the  purpose  of  this  insulating  covering  being  to  cut 
down  heat  radiation  and  thereby  maintain  a  high  temperature  in  the 
roaster. 

If  the  ore  contains  silica,  lime,  and  other  bases,  there  is  a  tendency 
at  the  temperatures  which  have  to  be  maintained  to  start  the  pyr- 
rhotite burning  properly,  for  the  ore  to  sinter  or  semifuse  and 
thus  cause  trouble  with  the  operation  of  the  roaster. 

On  account  of  the  large  proportion  of  very  fine  ore  which  is  neces- 
sarily present  if  the  whole  material  is  put  through  30  mesh,  the  air 
can  not  work  down  into  the  charge  and  the  oxidation  is  almost  en- 
tirely a  matter  of  surface  combustion.  For  this  reason  the  surface 
should  be  changed  as  rapidly  as  practicable  by  rabbling.  This  fre- 
quent rabbling  also  tends  to  keep  the  ore  from  sintering  or  semi- 
fusing. 

It  is  difficult  to  reduce  the  sulphur  content  m  the  cinder  to  less 
than  4  per  cent  by  the  ordinary  processes  of  burning,  thus  the  actual 

*  Taylor,  J.  EL,  Pyrite  and  pyrrhotite  resources  of  Ducktown,  Tenn. :  Am.  Inst.  Min. 
Eng.  Cull.  134,  Feb.,  1918,  pp.  529-533. 
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number  of  available  sulphur  units  in  a  ton  of  pyrrhotite  i  aeJh 
smaller  than  in  a  pyrite  ore.  For  example,  in  order  to  have  the 
same  number  of  sulphur  units  it  would  be  necessary  to  handle  1.65 
tons  of  a  30  per  cent  pyrrhotite  as  against  1  ton  of  a  45   per  eerit 

pyrite. 

In  August.  1018,  some  tests  were  made  at  the  plant  of  the  Virginia 
Carolina  Chemical  Co.,  at  Pinners  Point,  Va.,  to  determine  the  feas- 
ibility of  roasting  pyrrhotite  in  its  Hoffman  fines  burners.  These 
tests  were  made  by  D.  E.  Fogg,  of  the  Bureau  of  Mines,  in  coopera- 
tion with  the  staff  of  the  company.  The  conclusion  drawn  from  these 
tests  was  that  pyrrhotite  ore,  when  crushed  to  30  mesh,  can  be  suc- 
cessfully roasted  in  an  ordinary  type  of  multiple  hearth  roaster  if 
enough  brimstone  (approximately  10  per  cent)  is  added  to  preheat 
the  ore  in  the  top  hearth  to  start  ignition  there,  and  if  the  roaster 
has  some  heat  insulation  to  prevent  high  losses  through  the  furnace 
walls, 

PYRITE   FROM   COAL    ("  COAL  BRASSES"). 

In  certain  districts  through  the  eastern  coal  fields  considerable 
quantities  of  iron  pyrites  occur  as  bands  interbedded  with  the  coal 
or  as  balls  or  nodules  in  the  coal.  In  some  places  the  bands  are  sev- 
eral inches  thick,  up  to  5  inches,  and  are  several  square  feet  in  area, 
or  they  may  even  form  definite  interbedded  layers  with  the  coal.  The 
balls  or  segregations  are  decidedly  irregular,  both  in  size  and  in 
distribution.  The  pieces  of  pyrite  as  blasted  or  loosened  with  the 
coal  in  the  mine  generally  have  some  coal  attached,  so  that  the  "  coal 
brasses,"  as  they  are  discarded  in  the  gob  piles  of  the  mine  or  on  the 
dump  at  the  surface,  contain  usually  about  one-half  coal  and  one-hall 
pyrite,  by  weight,  and  run  only  25  per  cent  sulphur. 

In  the  past,  efforts  have  been  made  to  clean  the  pyrite  of  the  ad- 
hering coal  by  breaking  off  the  coal  with  a  hammer,  the  partly 
cleaned  pyrite  then  being  shipped  to  some  acid  plant.  Such  clean- 
ing was  inefficient  when  done  by  day  labor  underground  and  entailed 
much  rehandling  when  done  on  the  surface.  On  account  of  the  fact 
that  the  product  still  contained  considerable  coal  it  was  subject  to 
spontaneous  combustion  and  was  therefore  an  undesirable  product 
to  ship.  This  adverse  feature  and  the  fact  that  acid  produced  from 
the  partly  cleaned  brasses  was  apt  to  be  contaminated  with  carbon 
driven  off  from  the  adhering  coal  and  carried  over  into  the  cham- 
bers, tended  to  prevent  the  acid  manufacturer  from  purchasing  this 
material,  especially  so  long  as  a  purer  pyrite  could  be  obtained. 
Prior  to  the  war  the  price  received  was  even  less  than  $2.50  per  ton 
for  material  containing  38  to  40  per  cent  sulphur. 

As  a  rule  the  hand-cleaned  slabs  or  nodules  of  pyrite  are  shipped 
to  the  acid  plant  and  allowed  to  weather  for  several  months.  The 
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adhering  coal  slacks  and  if  the  entire  product  is  then  screened  or 
crushed  and  screened,  the  coarse  oversize  is  a  fairly  pure  pyrite 
"which  does  not  disintegrate  in  the  furnace,  and  which  contains  no 
arsenic  and  very  little  phosphorus.  The  Indiana  and  Illinois  coal 
fields  have  irregularly  shipped  hand-picked  pyrites  to  near-by  acid 
plants,  particularly  to  those  near  Chicago,  Indianapolis,  and  San- 
dusky. 

In  Danville,  111."  for  several  years  a  concentrating  plant  has  been 
treating  crude  brasses  collected  from  the  local  coal  mines;  the  prod- 
uct shipped  has  been  a  pure  pyrite  of  both  lump  and  fine  sizes,  an- 
alyzing between  45  and  18  per  cent  sulphur.  Some  of  this  product 
was  shipped  as  far  east  as  Beaver  Falls,  Pa. 

The  annual  production  of  pyrite  or  "coal  brasses"  from  the  coal 
fields  of  western  Pennsylvania,  Ohio,  Indiana,  and  Illinois  has  been 
about  25,000  tons  to  30,000  tons,  most  of  which  came  from  Illinois 
and  was  lump  material.  In  1918,  a  new  plant  was  built  at  Gillespie, 
111.,  to  treat  about  200  tons  daily  of  crude  brasses  collected  from  adja- 
cent mines. 

In  1917,  when  it  became  evident  that  there  would  be  a  heavier 
demand  for  sulphur  bearing  material  than  had  existed  prior  to  that 
time,  considerable  attention  was  given  to  the  project  of  increasing 
the  production  of  coal  brasses.  The  first  careful  investigation  as  to 
the  possible  supply  from  the  Illinois  field  was  conducted  by  the 
Illinois  geological  survey.  The  results  of  this  work  were  given  in 
publications  of  the  State  geological  survey,  by  E.  A.  Holbrook  and 
J.  E.  Pogue,  under  dates  of  August  20  and  October  18,  1917.  Late 
in  1917  and  in  1918.  an  investigation  covering  all  the  eastern  coal- 
producing  States  was  conducted  by  the  Bureau  of  Mines,  in  cooper- 
ation with  the  State  geological  surveys  of  Pennsylvania,  Ohio.  In- 
diana, Illinois.  West  Virginia,  Kentucky,  Tennessee,  Georgia,  Mich- 
igan, and  Missouri. 

Xot  only  were  the  most  promising  sources  of  supply  determined, 
but  tests  were  made  with  practically  all  the  kinds  of  raw  material 
to  determine  adaptability  to  concentration  processes.  The  tests  were 
made  under  the  direction  of  E.  A.  Holbrook  in  the  laboratories  of 
the  Bureau  of  Mines  experiment  station  at  the  University  of  Illinois. 

These  investigation.-,  have  shown  that  from  the  coal  mines  in 
the  States  mentioned,  there  may  be  produced  a  very  large  tonnage  of 
pyrite. 

The  table  following  indicates  the  possible  yearly  production  of 
pyrite  from  the  mines  that  can  easily  produce  1  per  cent  or  more  of 
their  coal  production  as  coal  pyrite: 

"  For  description  of  this  plant  see  "  The  iron  pyrite  found  in  coal,"  by  C.  M.  Young, 
Coal  Age,  vol.  11,  Jan.  G.  1917,  p.  9. 
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Possible  yearly  production  of  pyrite  containing  .)(>  )x  r  vent  sulphur  from  coal 

mines  of  the  cistern  States. 

Stale.  Long  tons. 

Indiana 200,000 

Ohio 235,  000 

Illinois 225,000 

Pennsylvania 200,,  000 

Missouri 175.000 

Iowa 140,  000 

Kansas 125,  000 

Tennessee '- 55.  000 

West  Virginia 50,000 

Kentucky 25,000 

Michigan 10,000 

Total 1,  500,  000 

In  mining  coal  this  material  is  now  usually  separated  from  the 
coal  and  is  thrown  into  the  gob  as  waste.  It  can  be  loaded  out  with- 
out much  difficulty  and  be  either  hand  cleaned  or  treated  by  a  prop- 
erly designed  and  constructed  concentrating  mill  from  which  two 
pyrite  products,  lump  ore  and  fines  assaying  as  high  as  45  per  cent 
sulphur  and  containing  less  than  5  per  cent  carbon,  can  be  obtained. 
As  a  rule  the  mill  will  produce  about  one-half  ton  of  pyrite  and  one- 
fourth  ton  of  clean  coal  per  ton  of  raw  material  treated.  The  aver- 
age recovery  of  pyrite  will  be  above  85  per  cent.  Concentration  in- 
volves crushing,  either  by  rolls  or  jaw  crushers,  screening  through 
trommels,  and  jigging,  which  may  or  may  not  be  followed  by  the  use 
of  Wilfley  tables.  A  plant  to  treat  200  tons  of  crude  material  per 
day  cost  about  $20,000  in  1918.  The  cost  of  operation  in  1918  was 
about  80  cents  per  ton  of  raw  material.  The  actual  cost  of  the  fin- 
ished pyrite,  of  course,  will  vary  with  the  cost  of  loading  and  deliv- 
ery to  the  coal  tipple,  the  cost  of  shipping  the  raw  material  to  the 
cleaning  plant,  and  with  the  grade  of  the  raw  material. 

From  the  investigations  made  in  1918  it  was  evident  that  an  out- 
side concern  going  into  the  business  of  collecting  crude  coal  brasses 
would  have  to  pay  practically  the  same  price  per  ton  as  for  coal  at 
the  surface.  Whether  this  price  for  raw  brasses  will  hold  in  the 
future  is  not  certain.  If  the  price  does  hold,  of  course,  it  will  prob- 
ably be  difficult  for  an  outside  concern  to  produce  a  large  tonnage  of 
pyrite  from  coal  brasses  in  competition  with  other  sources  of  sul- 
phur-bearing material,  especially  as  the  market  for  any  large  ton- 
nage of  the  product  is  necessarily  east  of  the  Appalachian  Mountains, 
involving  considerable  freight  haulage.  However,  there  is  a  possi- 
bility that  the  Central  States  will  consume  slightly  more  of  the  coal 
pyrite  than  was  consumed  prior  to  the  war. 
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WASTE   SULPHUR  DIOXIDE   GAS   FROM   ROASTING    ZINC    ORES. 

The  manufacture  of  acid  as  a  by-product  from  the  roasting  of 
vine  blende  in  smelting  zinc  ores  was  introduced  in  this  country 
about  the  year  1895,  at  the  plants  of  the  Matthieson  &  Hegeler  Zinc 
Co.,  La  Salle,  111.,  and  the  Illinois  Zinc  Co.,  Peru,  111.  All  of  the 
zinc  smelters  in  Illinois,  Indiana,  Ohio,  Pennsylvania,  and  West 
Virginia  where  zinc  sulphide  ores  are  being  roasted  now  produce 
acid  as  a  by-product.  There  are  16  zinc  plants  producing  by-product 
acid — 12  by  the  chamber  process  and  4  by  the  contact  process. 

At  these  16  plants  the  material  roasted  is  usually  a  concentrate 
containing  between  40  and  55  per  cent  zinc  and  between  25  and  32 
per  cent  sulphur.  The  material  is  roasted  in  a  special  type  of  muffle 
furnace,  described  later,  until  the  sulphur  content  is  reduced  as  low 
as  possible,  usually  about  1  per  cent  or  less.  In  order  to  desulphurize 
the  ore  to  this  extent  it  is  necessary  to  use  external  fuel,  usually  pro- 
ducer gas,  this  gas  being  burned  out  of  contact  with  the  ore. 

At  the  zinc  plants  in  Kansas,  Missouri,  and  Oklahoma  similar  zinc 
ores  and  concentrates  are  being  roasted,  but  until  this  year  (1919) 
the  manufacture  of  acid  at  these  plants  has  not  been  undertaken. 
The  plants  were  remote  from  the  large  markets  at  the  time  they 
were  built,  and  as  there  was  no  necessity  of  utilizing  the  waste  gases, 
the  heavy  investments  required  in  the  erection  of  acid  plants  were 
not  made.  If  the  zinc  plants  in  this  district  were  equipped  with  acid 
plants,  the  production  of  acid  from  zinc  ores  could  be  increased  pos- 
sibly by  60,000  tons  (basis  100  per  cent  H,S04)  per  year.  One  acid 
plant  is  now  being  built  in  this  district. 

Except  for  the  fact  that  the  content  of  sulphur  dioxide  is  lower 
and  more  variable  in  the  gases  from  the  zinc-ore  roasting  furnaces 
than  in  the  gases  from  pyrite  or  brimstone  roasters,  there  is  no  spe- 
cial difference  in  the  manufacture  of  the  sulphuric  acid.  However, 
the  lower,  variable  sulphur  dioxide  content  makes  the  cost  of  manu- 
facture higher. 

There  are  also  other  plants  where  pyrite  ores  containing  small 
quantities  of  zinc  are  being  roasted,  but  these  operations  are 
being  conducted  primarily  for  the  acid  production  rather  than  for 
the  recovery  of  the  zinc.  These  ores  are  generally  roasted  in  ordi- 
nary fines  burners. 

WASTE   SULPHUR  DIOXIDE   GASES  FROM   COPPER  SMELTING. 

The  production  of  acid  by  utilizing  the  roaster  gases  at  copper 
smelters  involves  practically  nothing  new  from  that  of  producing 
acid  from  ordinary  fines  pyrite.  Usually  the  roasting  must  be  con- 
ducted under  more  careful  control,  as  regards  the  air  admission,  than 
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where  the  copper  ores  are  being  roasted  without  the  pr. -<!it   -. ; 
acid,  for  usually  the  concentration  of  S02  in  smelter  roaster  ii 
is  too  low  to  use  in  the  manufacture  of  acid.     With  care,  the  ne 
conce  Ltration  may  he  attained. 

Sulphuric  acid  is  being"  made  in  this  manner  as  a  by-produci 
copper  smell nig  at  the  following  plants: 

!d  smelter,  Garfield  Smelting  Co.,  Garfield,  Utah. 

Washoe  smelter,  Anaconda  Copper  Mining  Co.,  Anaconda.  Mi 

Perth  Amboy  smelter,  American  Smelting  &  Refining  Co.,  Pi 
Amboy,  X.  J. 

Smelter  of  the  Mountain  Copper  Co.,  Martinez,  Calif. 

Smelter  of  the  Calumet  &  Arizona  Mining  Co.,  Douglas,  Ariz. 

The.  copper  ores  or  concentrates  at  these  plants  usually  carr  i ' 
30  to  35  per  cent  sulphur,  although  at  the  plant  of  the  Moui' 
►pes  Co.  the  ore  runs  nearly  50  per  cent  sulphur.  As  a  rule, 
sulphur  content  is  reduced  to  not  less  than  8  per  cent,  which  leave 
suflieient  sulphur  for  the  subsequent  smelting'  operations.  No  c  ■ 
nal  firing  is  required  io  carry  on  the  process  of  roasting  these  or. 

All  of  these  plants  are  chamber  plants,  and  with  the  exception  o 
the  production  of  the  Mountain  Copper  Co..  the  acid  is  used  lai  • 
for  metallurgical  operations  being  conducted  by  the  producing  corn- 
pan  ie.-.  As  has  been  stated  above,  the  practice  of  producing  acid  by 
utilizing  the  gases  from  roasting  copper  ores  could  be  greatly  ex- 
panded in  the  western  States,  if  there  was  a  local  market  for  the  acid. 
Flotation  concentrates,  because  of  their  extreme  fineness  and  the 
tendency  to  make  dust,  usually  are  not  as  satisfactory  for  the  mak- 
ing of  acid  as  are  the  coarser  products  from  other  concentrating 
is,  or  the  crude,  hea^y  sulphide  ores. 

Acid  is  being  made  from,  the  waste  gases  from  copper  blast 
furnaces  at  only  two  plants  in  this  countiy — the  plant  of  the  Ten- 
nessee Copper  Co.  and  that  of  the  Ducktown  Sulphur,  Copper  & 
Iron  Co.,  in  the  Ducktown  district,  southeastern  Tennessee.  As  the 
result  of  an  injunction  obtained  in  1905  by  the  State  of  Georgia 
against  these  copper  companies  imposing  a  restraint  on  the  discharg- 
ing of  sulphurous  gases  into  the  atmosphere  it  was  necessary  for  the 
companies  to  take  active  steps  to  utilize  the  waste  gases.  The  opera- 
tion of  a  sulphuric  acid  plant  to  utilize  blast-furnace  gases  had  never 
before  been  attempted  as  the  project  offered  many  serious  difficulties; 
among  them  being  the  irregular  supply  of  sulphur  dioxide  gas,  va- 
riable temperature,  large  quantities  of  flue  dust,  and  the  large  and 
variable  quantities  of  carbon  dioxide  present.  These  difficulties  have 
largely  been  eliminated  or  minimized,  and  acid  has  been  produced 
in  large  quantities  by  the  chamber  process  at  these  smelters  since 
1906.     The  largest  plant  is  that  of  the  Tennessee  Copper  Co.,  at 
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Copperliill,  in  1918,  this  plant  produced  acid  at  the  rate  of  about 
1,000  tons  (50°  B.  basis)  per  day.  Further  description  of  the  prac- 
tices at  these  plants  appears  elsewhere  in  this  report. 

SPENT  OXIDE  FROM  GAS  WORKS. 

The  amount  of  spent  oxide  from  gas  works  available  for  acid 
manufacture  is  very  small  in  comparison  with  the  other  raw  ma- 
terials.   However,  it  may  be  well  to  mention  this  product. 

Most  works  producing  illuminating  gas  from  coal  purify  their 
product  from  sulphurous  acid  by  passing  it  through  a  mixture  of 
ferric  oxide  and  sawdust.  As  a  result  ferrous  sulphide  and  sulphur 
are  formed.  On  exposure  to  the  air  the  ferrous  sulphide  is  con- 
verted to  ferric  oxide  with  the  formation  of  more  free  sulphur.  Spent 
oxide  runs  as  high  as  60  per  cent  sulphur,  and  will  average  10  to  50 
per  cent.  However,  the  presence  of  lime  renders  part  of  this  sulphur 
unavailable  for  acid  making.  The  material  is  contaminated  with 
ammonium  salts  and  ferro  and  sulpho  cyanides  which  would  inter- 
fere with  acid  manufacture,  causing  an  unduly  high  consumption  of 
niter.  These  salts  are  usually  washed  out  before  the  spent  oxide  is 
used. 

Several  schemes  have  been  devised  and  plants,  erected  for  leaching 
the  sulphur  from  the  spent  oxide  by  a  hydrocarbon,  such  as  benzol, 
or  by  carbon  bisulphide,  and  then  boiling  off  the  volatile  solvent. 
leaving  behind  the  sulphur  with  any  tars  which  might  be  dissolved 
also. 

The  product  obtained  has  been  90  to  92  per  cent  sulphur, 
the  rest  being  tarry  material.  This  product  would  not  be  a  desir- 
able material  for  the  manufacture  of  acid  in  normal  times,  but  a 
small  tonnage  was  produced  and  sold  to  acid  manufacturers  during 
the  war. 
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The  types  of  equipment  used  and  the  processes  employed  in  the 
manufacture  of  sulphuric  acid  in  this  country  are  discussed  in  the 
following  pages. 

BURNERS  OR  ROASTERS. 

GENERAL  FUNCTION  OF  BURNERS. 

At  all  sulphuric  acid  plants,  except  tho-e  where  the  acid  is  made 
as  a  by-product  in  copper  or  zinc  smelting,  the  burners  or  roasting 
furnaces  are  used  solely  for  producing  sulphur  dioxide  gas.  Their 
function  is  to  produce  a  steady  supply  of  that  gas  at  as  nearly  con- 
stant a  concentration  as  possible  and,  at  the  same  time,  to  effect  as 
complete  oxidation  of  the  sulphur  in  the  ore  as  may  be  possible.  The 
more  nearly  these  two  objects  are  accomplished  with  a  minimum  cost 
for  labor  and  repairs,  the  more  perfect  is  the  burner  and  its  opera- 
tion. 

The  production  of  a  steady  stream  of  gas  of  constant  composition 
is  of  the  greatest  importance  to  the  manufacturer  of  the  acid,  Whether 
the  material  being  burned  is  pyrite  or  brimstone.  Inasmuch  as  nearly 
all  the  troubles  experienced  in  acid  making  come  from  fluctuations  in 
the  sulphur  dioxide  content  of  the  furnace  gases,  the  more  nearly  a 
constant  and  uniform  gas  composition  can  be  approached  the  more 
nearly  will  the  acid  manufacturing  process  be  uniform,  and  thus  be- 
come almost  mechanical. 

Xext  in  importance  to  the  consideration  of  constancy  and  regu- 
larity of  gas  volumes  and  composition  is  the  actual  percentage  of 
sulphur  dioxide  in  the  gases. 

Experience  has  shown  that  with  pyrite  the  best  results,  both  in  the 
roasting  furnace  and  in  the  chamber  plant,  or  in  the  contact  plant, 
are  obtained  when  the  gases  leaving  the  burners  contain  7.0  to  7.5  per 
cent  sulphur  dioxide.  With  certain  ores  this  percentage  can  be 
somewhat  increased  with  satisfactory  results.  When  burning  brim- 
stone, the  gases  should  contain  8.5  to  9  per  cent  sulphur  dioxide. 

Often  when  sulphur  dioxide  gas  is  produced  as  a  metallurgical  by- 
product it  is  not  possible  to  obtain  these  conditions,  either  as  to  con- 
stancy of  volume  and  composition  or  the  content  of  sulphur  dioxide 
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present.  In  very  few  instances,  however,  is  it  necessary  that  the 
metallurgical  gas  shall  contain  as  low  as  4  per  cent  S02,  and  usually 
the  gas  will  contain  5  to  6  per  cent  S(X.  Where  the  sulphur  dioxide 
concentration  is  lower,  it  is  usually  possible,  and  occasionally  com- 
mercially practicable,  to  enrich  and  steady  the  gas  by  burning  a 
rich  pyrite  ore  or  brimstone  either  admixed  with  the  ore  or  in  a  sep- 
arate auxiliary  furnace. 

In  order  to  maintain  the  desired  regularity  of  volume  and  compo- 
sition of  the  burner  gases  it  is  necessary  to  insure  a  uniform  supply 
of  ore,  and  also  of  air  to  the  furnaces. 

REGULATION  OF  ORE  SUPPLY. 

In  the  mechanical  furnaces,  such  as  the  fines  burners  or  special 
brimstone  burners,  a  uniform  supply  of  ore  is  effected  by  means  of  an 
automatic  mechanical  feed.  In  the  use  of  hand-worked  furnaces, 
usually  a  series  of  such  furnaces  are  charged  and  discharged  at  regu- 
lar intervals  so  that  the  average  of  the  gas  coming  from  the  series 
remains  practically  constant. 

Not  only  is  it  necessary  to  regulate  the  suppl}T  of  ore,  but  it  is 
also  necessary  to  have  the  ore  properly  sized,  and  of  fairly  uniform 
physical  condition.  Especially  in  the  operation  of  lump  burners, 
it  is  desirable  to  have  ore  of  uniform  size,  free  from  fines  or  lump 
above  the  size  for  which  the  furnace  grates  are  set.  The  burning 
cf  the  sulphur  in  lump  pyrite  is  in  many  ways  analogous  to  the 
burning  of  carbon  in  anthracite.  Just  as  an  indiscriminate  mixture 
of  all  sizes  of  anthracite,  from  culm  and  pea  to  nut  size,  can  not  be 
burned  satisfactorily  and  evenly,  even  with  care  in  stoking,  no 
more  successfully  can  pyrite  ore  of  variable  size  be  burned.  The 
spacing  of  the  grate  bars  in  lump  burners  is  also  of  great  importance, 
as  these  should  be  spaced  to  suit  the  size  of  the  ore  being  roasted. 
The  more  closely  the  ore  is  sized,  and  the  more  carefully  the  grate- 
bar  spacings  are  adjusted  to  suit  the  sizes  of  the  ore,  the  more  uni- 
formly will  the  roasting  proceed,  with  consequent  beneficial  effect 
in  the  acid  plant. 

One  of  the  most  serious  results  of  trying  to  roast  improperly  sized 
ore  in  a  lump  burner  is  clinkering.  In  a  kiln  filled  with  ore  sized 
with  reasonable  care,  the  air  comes  in  contact  with  all  the  pieces 
of  ore  to  about  the  same  extent,  and  the  combustion  takes  place 
regularly.  However,  when  the  ore  contains  a  considerable  propor- 
tion of  smaller  pieces,  or  fines,  there  will  be  some  points  where  the 
air  can  not  pass.  At  the  temperature  of  the  kiln  the  sulphur  in 
the  particles  of  pyrite  shut  off  from  the  air  will  partly  sublime, 
and  the  FeS,,.will  be  converted  into  FeS,  or  a  fusible  matte.  This 
matte  will  become  slightly  fused  or  melted  and  cause  the  formation 
of  a  clinker.  This  not  only  causes  the  sulphur  to  be  retained  in  the 
cinder,  but  also  tends  to  cause  fluctuation  in  the  gas  concentration. 
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REGULATION    OF    AIR    SUPPLY. 

With  a  givea  type  of  ore  and  a  constant  rate  of  feed  the  supply 
of  air  should  be  regulated  to  within  fairly  narrow  limits  in  order 
to  realize  the  best  results.  Not  only  should  the  quantity  of  air  ad- 
mitted to  the  furnace  be  carefully  regulated,  but  there  should  also 
be  control  over  the  points  of  admission.  In  a  fines  burner,  for 
example,  an  adequate  amount  of  air  should  be  admitted  at  the  point 
in  the  furnace  where  the  most  active  combustion  is  taking  place, 
but  air  should  not  be  permitted  to  sweep  over  the  cinder  after  the 
sulphur  content  has  been  reduced  to  3£  or  4  per  cent,  at  which  stage 
an  excess  of  air  simply  serves  to  cool  the  ore  below  its  combustion 
point,  and  thereby  prevents  the  complete  oxidation  of  the  sulphur. 

In  intermittently  charged  and  hand-worked  furnaces  the  air  sup- 
ply should  be  regulated  in  accordance  with  the  sulphur  content 
of  the  ore  in  each  individual  furnace.  In  a  large  fuel  bed  too  free 
a  supply  of  air  produces  too  high  a  temperature,  causing  the  pyrite 
to  fuse  and  clinker,  a  result  precisely  similar  to  that  attendant  upon 
insufficient  air  in  localized  spots. 

Because  of  the  importance  of  a  regular  air  supply,  the  burners 
or  roaster  furnaces  are  preferably  operated  on  a  positive  draft  in- 
duced primarily  by  a  fan  placed  in  the  flue  system.  In  chamber 
plants  the  fan  is  usually  between  the  furnaces  and  the  Glover  tower, 
or  between  the  Glover  tower  and  the  chambers,  and  in  contact  plants, 
before  the  scrubbers.  By  means  of  the  fan  it  is  possible  to  adjust 
instantaneously  the  draft  on  the  furnaces  to  meet  any  required  con- 
ditions, such  as  variations  in  the  quantity  or  character  of  the  ore 
charged, 

BRIMSTONE  BURNERS. 

In  burning  brimstone  for  the  manufacture  of  sulphuric  acid  it 
is  not  only  necessary  to  maintain  a  gas  of  sufficient  richness  in 
sulphur  dioxide,  but  also  to  prevent  sulphur  from  being  volatilized 
and  carried  over  into  the  acid  plant.  Thus  the  necessity  for  a  posi- 
tive control  of  the  draft,  and  a  well-regulated  control  of  the  feed, 
is  evident. 

PAN    BURNERS. 

The  simplest  form  of  sulphur  burner  is,  of  course,  the  pan  burner, 
consisting  of  a  flat-bottomed  cast-iron  pan  covered  with  a  cast-iron 
or  brick  arch  to  form  a  chamber.  Various  constructions  of  this 
type  of  furnace  are  used  and  produce  good  results,  hence  it  is  hardly 
necessary  to  describe  them  in  detail.  The  pans  vary  in  size  from 
3  inches  to  7  inches  deep,  3  feet  to  4  feet  wide,  and  6  feet  to  8  feet 
long.    The  bottom  of  the  pan  is  usually  slightly  dished  or  inclined, 
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so  that  the  molten  sulphur  "will  collect  in  a  pool  nearer  the  forward 
end.  At  one  end  of  the  furnace  is  provided  a  charging  door,  hinged 
at  the  top.  At  the  other  end  of  the  furnace  is  a  connection  to  the 
flue.  Air  is  admitted  to  the  furnace  through  the  forward  end  by 
keeping  the  edge  of  the  door  slightly  raised  by  means  of  hand 
screws. 

Provision  is  generally  made  for  a  preliminary  heating  of  the  iron 
pan,  and  when  the  furnace  becomes  hot  enough  to  melt  sulphur  the 
sulphur  is  thrown  in  and  ignited.  From  then  on,  the  heat  generated 
by  the  burning  of  the  sulphur  melts  the  fresh  sulphur  that  is  thrown 
in,  the  molten  sulphur  spreading  over  the  pan  and  igniting. 

Intermittent  feeding  of  the  sulphur  in  this  type  of  furnace  per- 
mits a  quantity  of  cool  air  to  be  admitted  to  the  furnace,  cooling  the 
furnace  temporarily  and  diluting  the  gases.  Therefore  various 
schemes  are  employed  to  feed  the  furnaces  through  the  top  arch 
continuously,  or  if  several  furnaces  are  being  operated  in  a  battery, 
the  furnaces  are  fed  in  regular  order  at  stated  intervals,  so  that  the 
average  gas  from  the  battery  will  be  of  reasonably  constant  strength. 

\Yhen-the  sulphur  is  fed  in  continuously  it  is  usually  first  shoveled 
into  a  hopper  placed  near  the  forward  end  of  the  furnace  and  so 
constructed  that  sufficient  heat  is  radiated  or  conducted  from  the 
furnace  to  melt  the  sulphur  in  the  bottom  of  the  feed  hopper.  The 
melted  sulphur  can  then  be  discharged  into  the  burner  through  a 
spout  or  pipe,  the  flow  being  regulated  by  means  of  a  valve. 

Frequently  the  pan  burners  are  built  with  two  hearths;  the  sul- 
phur is  thrown  or  fed  into  the  upper  hearth,  where  it  is  melted  by 
the  heat  from  the  lower  hearth  and  then  drops  into  the  lower 
hearth,  where  it  is  burned.  Most  of  the  air  is  admitted  to  the  lower 
chamber,  but  provision  is  also  made  for  admitting  more  air,  if  nec- 
essary, to  the  upper  chamber  for  the  complete  combustion  of  the 
sulphur  vapors. 

The  capacity  of  a  pan  furnace  is  about  1.5  pounds  of  sulphur  per 
square  foot  per  hour.  Thus  a  large  floor  space  is  required  for  a  full 
installation  of  pan  furnaces.  Generally  furnaces  of  this  type  are 
used  in  this  country  only  in  emergencies  or  for  short  periods,  or 
when  it  is  desired  to  "  boost "  the  sulphur  dioxide  content  of  the 
gases  coming  from  an  ore-roasting  furnace. 

ROTARY  AND  VERTICAL  BURNERS. 

At  many  plants  where  brimstone  is  burned  regularly  or  in  large 
amounts  the  burner  employed  is  either  a  horizontal  rotary  cylinder, 
such  as  the  Tromblee  &  Paul  burner,  or  the  stationary  vertical  cylin- 
drical shell  containing  a  series  of  shelves,  such  as  the  Vesuvius 
burner. 
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A.     VESUVIUS  SULPHUR  BURNER. 


B.     SPECIAL   RING    PACKING. 


C.  COTTRELL  PRECIPITATOR  FOR  REMOVING  DUST  AND  FUME  FROM 
THREE  ROTARY  KILNS  ROASTING  ZINC  ORES  (BY  COURTESY  OF  RESEARCH 
CORPORATION). 
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TROMBLEE  &  PAUL  ROTARY  BURNER. 

The  Tromblee  &  Paul  rotary  sulphur  burner  (PI.  I)  is  built  by 
the  Cilens  Falls  Machine  Works,  Glens  Fails,  X.  Y.  The  burner  com- 
prises  a  horizontal,  cylindrical  flange  steel  shell,  ranging  in  size  from 
14-  inches  in  diameter  and  2  J-  feet  in  length  to  48  inches  in  diameter 
and  K»  feet  in  length.  The  ends  of  the  shell  are  cast  iron  and  are 
cone  shaped.  At  one  end  is  a  hopper  and  worm  feed  with  sliding 
dampers.  The  other  end  connects  with  a  rectangular  cast-iron  box, 
known  as  the  combustion  chamber,  which  is  provided  with  a  parti- 
tion and  a  vertical  cast-iron  uptake  pipe  leading  to  the  flues  and  to 
the  acid  plant.  Frequently  the  combustion  chambers  are  vertical, 
circular  steel  tanks  with  a  center  baffle  wall.  The  combustion  cham- 
bers  ;ire  lined  with  fire  brick.  The  flanges  at  the  ends  of  the  cylin- 
der form  the  bearings,  which  run  on  rollers  or  trunnions. 

The  "standard"  size  of  this  burner  has  a  shell  36  inches  in  di- 
ameter and  8  feet  long  and  burns  about  250  pounds  of  sulphur  per 
hour. 

The  sulphur  is  fed  to  the  furnace  by  means  of  the  mechanical 
worm  feed.  Before  feeding  to  the  hopper,  the  sulphur  needs  no 
other  preparation  than  breaking  up  the  large  lumps.  When  forced 
along  by  the  worm,  the  sulphur  melts  just  before  it  drops  into  the 
body  of  the  burner.  A  bed  of  burning  or  boiling  sulphur  rests  in 
the  bottom  of  the  shell.  The  shell,  revolving  at  the  rate  of  about 
one-half  revolution  per  minute,  performs  the  function  of  an  agitator, 
maintaining  over  its  whole  inner  surface  a  constantly  renewed  film 
of  pure  sulphur,  the  surface  of  which  burns  intensely.  That  part 
of-  the  film  underneath  the  flaming  surface  protects  the  shell  from 
deterioration,  as  sulphur  is  a  very  poor  conductor  of  heat. 

By  a  proper  adjustment  of  the  dampers  on  the  front  end  of  the 
burner,  perfect  combustion  may  be  obtained,  and  there  should  be  no 
sublimation  of  the  sulphur.  In  practice,  however,  especially  where 
gas  of  high  sulphur  dioxide  content  is  being  obtained,  complete  com- 
bustion does  not  always  take  place  in  the  revolving  cylinder,  and  a 
certain  proportion  of  the  sulphur  is  volatilized  and  carried  over  with 
the  gases  into  the  combustion  chamber.  Through  air  tubes,  extending 
into  the  sleeve  connecting  the  cylindrical  burner  with  the  combus- 
tion chamber,  additional  air  is  admitted  for  combustion  of  the  vol- 
atilized sulphur.  Air  is  also  admitted  through  a  space  between  the 
burner  head  and  the  sleeve,  the  space  being  regulated  by  an  ad- 
justable ring. 

With  this  type  of  burner,  control  of  the  composition  of  the  gas 
between  the  limits  of  4  per  cent  and  16  per  cent  sulphur  dioxide  is  a 
comparatively  easy  matter,  because  the  feed  is  continuous  and  under 
perfect  control,  and  by  proper  regulation  of  air  perfect  combustion 
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can  be  obtained.  With  Louisiana  or  Texas  brimstone  the  burner  has 
to  be  cleaned  only  about  once  a  month.  To  do  this,  or  to  prepare  for 
a  shutdown  for  repairs  in  any  part  of  the  plant,  the  sulphur  charge 
is  allowed  to  burn  out  completely,  and  any  residue  in  the  cylinder  is 
then  easily  removed  with  a  hoe. 

The  cost  of  operation  is  low,  as  one  man  can  take  care  of  several 
furnaces.     The  cost  is  usually  less  than  50  cents  per  ton. 

VESUVIUS  VERTICAL  BURNER. 

The  Vesuvius  burner  (see  PI.  II,  A)  is  constructed  by  the  Valley 
Iron  Works  Co.,  Appleton,  Wis.  This  furnace  is  of  the  round  ver- 
tical type,  the  top  of  which  forms  a  dome  called  the  "  cupola."  On 
top  of  the  dome  and  partly  within  the  burner  is  a  melting  kettle. 
The  shell  of  the  burner  is  of  iron  and  steel,  and  is  lined  with  fire 
brick.  The  inside  of  the  burner  is  provided  with  a  number  of  dish- 
shaped  iron  trays  or  shelves.  For  each  shelf  and  the  bottom  com- 
partment a  door  is  provided  for  regulating  the  admission  of  air  and 
for  cleaning. 

The  sulphur  is  placed  in  the  melting  pot  at  the  top  of  the  furnace, 
where  it  melts  and  drips  through  a  needle-point  valve  in  the  bottom 
of  the  melting  pot  onto  the  top  tray  or  shelf.  From  the  top  shelf 
the  sulphur  drips  onto  the  next  lower  shelf,  then  flows  across  that 
shelf  and  drips  onto  the  third,  continuing  to  flow  back  and  forth 
and  drop  from  shelf  to  shelf  until  it  enters  the  bottom  chamber  of 
the  burner,  where  the  ashes  and  impurities  collect.  The  following 
procedure  has  been  found  to  be  satisfactory  for  maintaining  a  pool  of 
sulphur  on  all  the  shelves  and  giving  a  constant  gas  concentration: 
The  needle  valve  is  opened  and  the  molten  sulphur  allowed  to  rush 
down  until  it  overflows  the  bottom  tray  and  flows  into  the  bottom ; 
then  the  needle  valve  is  closed.  The  operation  is  repeated  at  inter- 
vals, depending  upon  the  action  of  the  burner.  In  case  a  smaller 
amount  of  sulphur  is  required  to  be  burned,  say  five  tons  in  a  nine- 
ton  burner,  the  same  procedure  is  followed,  except  that  the  needle 
valve  is  closed  when  the  sulphur  commences  to  flow  on  one  of  the 
shelves  higher  up,  say  the  third  shelf. 

The  gas  outlet  consists  of  two  parts — the  first  part  is  an  elbow 
extending  about  44  inches  into  the  burner,  this  extension  forming  &a 
arch  for  the  brick  lining;  the  second  part  is  a  round  iron  pipe,  oblong 
shaped  on  one  end  to  conform  with  the  shape  of  the  elbow,  the  upper 
end  being  slotted  and  serving  as  a  combustion  chamber.  Around  the 
slotted  pipe,  resting  on  projecting  rings,  is  a  circular  damper  which 
regulates  the  admission  of  air  so  that  any  sulphur  carried  out  of  the 
furnace  proper  as  volatilized  sulphur  will  be  completely  burned  in 
the  combustion  chamber.     With  proper  regulation  of  the  admission 
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of  air  onto  the  shelves  aiul  the  admission  of  air  to  the  combustion 
chamber  there  should  be  no  loss  of  sulphur  even  when  a  gas  of  very 
high  sulphur  dioxide  concentration  is  obtained. 

With  a  good  grade  of  brimstone,  the  Vesuvius  burner  requires 
cleaning  only  once  in  about  two  weeks,  the  operation  requiring  about 
two  hours. 

One  of  the  possible  advantages  of  the  Vesuvius  type  burner  over 
the  rotary  type  burner  is  that  the  former,  being  vertical,  requires 
less  floor  space.  A  Vesuvius  burner  having  a  capacity  of  nine  tons 
day  requires  about  72  square  feet  of  floor  area.  A  rotary  burner 
of  the  same  capacity  requires  about  300  square  feet.  The  Vesuvius 
type  burner  requires  no  power  and  thus  no  expense  for  oil,  belt,  or 
chain.  On  the  other  hand,  the  feed  to  the  vertical  type  is  not  con- 
tinuous, and  some  difficulty  has  been  experienced  in  keeping  the  feed 
open,  as  sediment  gets  into  the  needle  valve,  clogging  it.  Both  fur- 
naces require  about  the  same  amount  of  labor  or  attention  to  operate. 

LUMP  BURNERS. 

Lump  burners  are  nothing  more  than  the  simplest  form  of  a  deep- 
bed  coal  fireplace.  They  are  rectangular  in  horizontal  section,  vary- 
ing in  area  from  about  18  to  36  square  feet,  the  usual  width  being 
5  feet  and  the  depth  from  front  to  back  4  to  6  feet.  The  burners  are 
usually  erected  in  batteries  of  16  to  32  furnaces,  the  units  being 
arranged  in  two  rows,  back  to  back,  with  a  common  central  wall. 
By  this  arrangement  is  realized  the  maximum  economy  of  space, 
material,  and  first  cost,  and  the  heat  losses  are  reduced  to  a  minimum. 
There  are  many  different  types  of  furnaces  in  use,  but  the  following 
general  statements  will  cover  the  description  of  burners  of  modern 
construction. 

The  batteries  of  furnaces  are  usually  built  of  brick,  common  brick 
being  used  for  the  lower  part  and  for  the  outer  walls,  and  fire  brick 
being  used  for  the  inside  walls  above  the  grates,  for  the  arches,  and 
for  the  gas  flues.  The  front  walls  are  usually  one  tier  of  brick 
4-|  inches  thick,  and  are  faced  with  cast-iron  plates,  one  for  each  unit 
in  the  battery,  each  plate  being  provided  with  the  necessary  openings 
for  operating  the  furnace. 

The  center  wall  between  each  pair  of  furnaces  is  usually  two 
bricks  (nine  inches)  thick,  and  the  side  walls  between  adjacent  burn- 
ers are  two  bricks  thick  to  a  little  above  the  level  of  the  gate,  and 
above  that  is  one  brick  thick.  The  end  walls  of  the  battery  are 
usually  about  18  inches  thick,  and  are  faced  with  solid  plates. 

The  whole  battery  of  furnaces  is  bound  together  by  vertical  buck- 
stays,  steel  rails,  or  I  beams,  held  together  by  horizontal  tie-rods 
which  are  provided  with  turnbuckles  to  permit  adjusting  the  ten- 
sion to  suit  the  condition  of  the  furnace. 
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The  interior  of  each  unit  is  divided  into  two  parts  by  the  grate 
bars.  The  cinder  pit  below  the  grate  bars  varies  from  IS  inches  to 
2-i  inches  in  height.  The  height  of  the  abutments  of  the  arch  above 
the  grate  bars  is  about  42  inches,  and  the  spring  of  the  arch  is  be- 
tween 8  inches  and  10  inches.  In  some  batteries  the  arch  is  sprung 
from  side  to  side  over  each  furnace,  on  others  an  arch  is  sprung 
from  each  front  wall  to  the  median  wail,  thus  running  lengthwise 
of  the  furnaces. 

The  grate  bars  are  usually  made  of  1-Hnch  or  2-inch  square  iron 
resting  on  cast-iron  bearing  bars.  Bearings  are  turned  on  the  grate 
bars,  the  diameter  of  the  bearing  cylinders  being  that  of  the  bar. 
The  ends  of  the  bars  projecting  beyond  the  first  bearing  are  left 
square  and  a  key  is  provided  for  shaking  and  turning.  The  grate 
bars  are  spaced  4  inches  center  to  center,  usually  with  the  diagonal 
of  the  square  section  horizontal,  making  an  opening  between  the 
bars  1.17  inches  wide. 

To  remove  part  of  the  cinder  it  is  only  necessary  to  turn  the 
grate  bars  slightly,  one  at  a  time  by  the  key.  which  is  adjusted 
over  the  square  end.  The  movement  momentarily  enlarges  the  open- 
ing between  the  bars,  and  forces  downward  between  the  bars  the 
cinder  lying  immediately  adjacent  to  the  grate.  The  whole  bed  of 
pyrite  above  is  more  or  less  shakened,  or  loosened  by  the  grate 
movement. 

The  cast-iron  fronts  of  the  furnace  units  are  provided  with  suit- 
able openings  for  charging  the  furnace,  removing  the  cinder,  and 
fitting  the  key  on  the  ends  of  the  grate  bars,  and  gaining  access 
to  the  flue.  Occasionally  a  poke  hole  is  also  provided.  The  sill  of 
the  charging  doors  is  placed  about  30  inches  above  the  grate  bars, 
the  height  of  the  door  varying  between  20  inches  and  30  inches. 

The  gas  flue  is  usually  built  on  top  of  the  furnace,  the  upper  part 
of  this  being  made  by  a  second  arch  rising  8  inches  to  12  inches 
above  the  furnace  arch,  and  running  the  length  of  the  battery.  A 
small  opening  admits  the  gases  into  the  flue  from  the  furnace. 

In  the  construction  of  any  type  of  furnace  care  must  be  taken 
to  make  all  flues  or  openings  into  the  flues  perfectly  tight,  because 
all  air  admitted  to  the  burner  or  flues,  except  when  it  will  aid 
combustion  and  will  be  under  complete  control,  is  of  great  detri- 
ment. 

In  mo^t  furnaces  the  doors  run  in  grooves,  but  in  some  they  are 
hinged  to  lugs  cast  on  the  plates.  When  doors  run  in  grooves  their 
faces  are  inclined,  carefully  planed,  and  are  pressed  by  gravity  or 
latch  against  the  planed  edges  of  the  door  jamb,  making  a  gas-tight 
joint  and  rendering  the  use  of  luting  unnecessary. 
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Usually  the  ash-pit,  or  cinder-pit,  door  is  perforated  with  1-inch 
holes,  which  can  be  plugged  to  regulate  the  admission  of  air  below 
the  grates. 

In  lump  burners  of  modern  construction  the  capacity  of  a  single 
furnace  is  about  1.8  pounds  of  45  per  cent  sulphur  ore  per  square  foot 
of  grate  per  hour.  The  charge  is  thrown  in  intermittently  by  hand 
through  the  charging  door,  and  distributed  as  quickly  as  possible 
over  the  surface  of  the  fire  bed.  To  get  the  most  steady  gas  volume 
and  concentration,  and  the  most  complete  desulphurization  of  the  ore, 
it  is  necessary  that  the  size  of  the  ore  pieces  and  the  spacing  of  the 
grate  bars  should  be  properly  regulated.  The  shaking  of  the  grate 
bars  is  done  by  hand.  Alternate  bars  across  the  burners  are  generally 
shaken,  and  the  intermediate  bars  are  shaken  at  the  next  period  with 
such  additional  treatment  as  is  required  to  bring  down  the  cinder 
evenly.  The  cinder  is  generally  allowed  to  accumulate  in  the  ash  pit, 
and  is  removed  once  every  24  hours. 

The  depth  of  the  bed  maintained  on  the  grates  largely  depends  on 
the  draft  conditions  and  the  size  of  the  ore  pieces ;  it  varies  up  to  2| 
feet.  Xo  red-hot  cinder  should  ever  come  through  the  grate  bars;  in 
fact,  with  a  proper  regulation  of  the  depth  of  fuel  bed,  the  cinder 
when  shaken  down  should  be  fairly  cool. 

The  average  cost  of  roasting  ore  in  a  lump  burner  at  a  plant  roast- 
ing over  30  tons  of  ore  per  day  is  about  $1  per  ton. 

FINES    BUHNERS. 

For  the  burning  of  fines  ores  the  cylindrical  multiple-hearth 
furnace  of  the  so-called  McDougal  type  is  generally  employed  in 
this  country.  Various  modifications  of  the  multiple-hearth  furnace 
have  been  evolved  and  patented.  Those  most  commonly  used  are 
the  Wedge  and  the  Herreshof  furnaces.  The  Skinner  furnace  and 
the  Hofman  furnace  are  also  employed  in  several  plants,  these 
furnaces  differing  from  the  Wedge  and  Herreshof  furnaces  only  in 
certain  details. 

Described  briefly,  this  type  of  furnace  has  a  vertical  cylindrical 
steel  shell  lined  with  common  brick  or  fire  brick  and  contains  a 
series  of  horizontal  or  slightly  arched  brick  hearths.  In  the  center 
of  the  furnace  is  a  vertical  revolving  hollow  shaft  to  which  are 
attached  removable  cast-iron  arms  carrying  replaceable  rabbles,  these 
arms  revolving  over  the  hearths  and  rabbling  and  pushing  forward 
the  ore  on  the  health.  The  rabble  arms  and  center  column  are 
cooled  by  air  or  water.  The  ore  is  fed  mechanically  onto  the  top 
hearth  at  the  circumference,  from  whence  it  is  pushed  by  the  rabbles 
to  the  center,  then  drops  onto  the  hearth  below,  where  it  is  turned 
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over  repeatedly  by  another  set  of  rabbles  placed  at  such  an  angle 
that  the  ore  is  gradually  pushed  to  the  circumference  to  drop  through 
a  slot  onto  the  third  hearth,  continuing  in  this  manner  through  the 
furnace  until  discharged  from  the  bottom  hearth  into  a  hopper  be- 
low the  furnace. '  The  rabbles  are  so  arranged  in  regard  to  their  pitch 
and  progression  that  a  moving  layer  of  ore,  in  a  uniform  system  of 
furrows,  equal  in  depth  from  the  center  to  the  circumference  is 
maintained  on  all  hearths.  The  air  for  combustion  either  enters  cold 
through  adjustable  openings  in  the  doors,  or  through  slots  in  the 
rabble  arms,  or  through  special  pipes  or  connections. 

When  ores  containing  30  per  cent  or  more  sulphur  are  roasted  the 
heat  from  the  burning  of  the  sulphur  and  the  oxidation  of  the  iron 
is  sufficient  to  carry  on  the  process  continuously :  the  hot  gases  rising 
from  the  hearths,  where  the  oxidation  is  the  most  rapid,  serve  to  heat 
up  and  -tare  the  ignition  of  the  fresh  ore  descending  through  the 
furnace.  In  fact,  with  ores  containing  more  than  10  per  cent  sul- 
phur the  temperature  of  the  furnace  is  apt  to  become  too  high  at 
certain  hearths,  tending  to  cause  fusion  of  the  ore  and  deterioration 
of  the  metal  part  exposed  to  the  heat.  Various  means  have  been  de- 
vised for  controlling  the  temperature  on  the  hearth,  involving  the 
cooling  of  the  rabble  arms  with  water  or  air.  providing  outlets  direct 
to  the  flue  for  a  portion  of  the  gases  at  various  hearths,  and  regula- 
tion of  the  air  admitted  to  the  hearths. 

One  of  the  principal  problems  in  roasting  high-sulphur  ores  is  to 
keep  the  main  shaft  and  the  rabble  arms  at  a  temperature  where  the 
metal  is  kept  cool  and  is  not  deteriorated.  The  common  practice 
has  been  to  circulate  water  through  the  shaft  or  arms.  This  water 
removes  a  certain  amount  of  heat  from  the  hearths  and  thus  partly 
serves  to  cool  them.  However,  the  salts  in  the  cooling  water  tend  to 
form  incrustations  in  the  arms  and  columns,  and.  primarily  for  this 
reason,  there  has  been  a  development  of  air-cooling  systems.  In 
these  systems  air  is  forced  at  a  pressure  of  1  to  3  ounces  by  means  of  a 
fan  into  the  arms  or  into  the  main  shaft  and  arms:  thence  the  heated 
air  is  discharged  directly  into  the  furnace  or  allowed  to  escape  to  the 
ntmosphere.  or  all  or  part  of  the  heated  air  is  conducted  to  certain 
hearths  of  the  furnace  to  aid  combustion  there. 

With  a  well-constructed  and  well-insulated  furnace,  equipped  with 
temperature  control  and  under  proper  care  in  the  regulation  of  the 
air  supply,  etc..  it  is  possible  to  roast  ores  containing  less  than  30 
per  cent — even  as  low  as  25  per  cent — available  sulphur  to  a  cinder 
containing  less  than  4  per  cent  of  the  sulphur,  and  obtain  at  the  same 
time  a  satisfactorily  high  content  of  sulphur  dioxide  in  the  gases. 
However,  there  are  very  few  acid  plants  in  this  country  where  this 
is  being  done  successfully  and  as  a  regular  procedure.     The  most 
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B.  ELECTRICAL  PRECIPITATOR  FOR  REMOVING  ACID  MIST  FROM  THREE  SULPHU- 
RIC ACID  CONCENTRATORS  PRODUCING  A  TOTAL  OF  50  TONS  OF  66°  B.  ACID  IN  24 
HOURS.  (By  courtesy  of  the  Research  Corporation.) 
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ble  example  is  at  the  plant  of  the  General  Chemical  Co.,  at  Pu- 
laski, Va.,  where  a  pyrrhotite  ore  containing  only  about  30  per  cent 
total,  or  less  than  25  per  cent  available,  sulphur  is  being  treated  in 
well-insulated  ITeireshof  furnaces. 

Mechanically  the  operation  of  a  fines  burner  is  extremely  simple, 
gisting  of  feeding  the  ore  regularly  and  controlling  the  admis- 
sion of  air  to  the  various  hearths  to  obtain  the  proper  temperature 
and  gas  concentration.  Regulation  of  the  speed  of  the  furnace  to 
meet  the  conditions  of  the  ore  is  also  necessary  to  obtain  the  desired 
results. 

Oxidation  is  partly  effected  when  the  ore  drops  from  hearth  to 
hearth  through  an  ascending  current  of  heated  gases  containing 
oxygen.  The  rate  of  oxidation  during  this  period  of  falling  could 
be  largely  increased  by  increasing  the  velocity  of  the  gases  through 
the  openings,  but  it  is  necessary  to  keep  the  gases  at  a  fairly  low 
velocity  to  prevent  the  raising  and  carrying  away  of  very  fine  dust 
particles. 

No  accurate  statement  as  to  the  capacities  of  furnaces  in  pounds  of 
sulphur  or  tons  of  pyrite  per  24  hours  can  be  made  without  a  knowl- 
edge of  the  chemical  composition  or  physical  character  of  the  ore 
to  be  roasted.  In  general,  these  furnaces  will  oxidize  0.5  to  1.0 
pounds  of  sulphur  per  hour  per  square  foot  of  hearth  area  from 
pyrite  ore  40  per  cent  or  higher  in  sulphur,  to  2.5  or  3  per  cent  sulphur 
in  the  calcine. 

WEDGE  BOASTER. 

The  Wedge  fines  roaster  (PI.  Ill  and  fig.  2)  is  built  by  the  Wedge 
Mechanical  Furnace  Co.,  of  Philadelphia,  under  patents  controlled 
by  it.  One  of  the  distinctive  features  of  the  Wedge  roaster  is  the 
large  central  vertical  shaft,  which  is  5  feet  in  diameter.  This  shaft 
is  constructed  of  -|--inch  steel  plate,  protected  by  special  fire  tile 
which  are  attached  to  and  revolve  with  the  shaft.  This  central  shaft, 
together  with  the  master  gears,  is  carried  by  six  large  rollers  and 
their  supports,  and  is  revolved  by  pinion  and  train  of  gears  and 
pulley.  The  removable  arms  are  connected  with  the  main  shaft  in 
such  a  manner  that  they  lock  on  the  inside  of  the  shaft,  thus  allow- 
ing the  removal  and  replacement  of  an  arm  without  appreciably  cool- 
ing the  inside  of  the  furnace,  as  workmen  can  work  in  the  shaft  even 
when  the  furnace  is  hot.  This  large  column  also  permits  of  inde- 
pendent air  or  water  supply  pipes  with  valve  control  to  each  arm 
or  a  combination  of  arms  as  desired.  When  air  is  used  for  cooling, 
if  the  ore  does  not  contain  enough  sulphur  to  burn  satisfactorily  or 
rapidly,  it  is  possible  to  assist  the  "  heat  balance  *'  of  the  furnace  by 
discharging  the  hot   air  from  the  arms  directly  into  the  furnace 
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through  slots  in  the  arms.  Furthermore,  as  it  is  not  necessary  to 
cool  the  central  shaft,  there  is  no  local  cooling  in  the  center  of  the 
furnace  as  would  be  incident  to  the  presence  of  a  cooled  shaft  there. 


Figcre   2. — Section   through   Wedge   fines   burner. 

The  rabble  arms  and  blades  are  the  only  iron  parts  exposed  to  the 
heat  and  furnace  gases,  as  the  center  column  is  protected  by  a  special 
tile  and  a  special  type  of  brick. 
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The  Wedge  furnaces  are  built  in  various  sizes  ranging  from  1G 
to  25  feet  in  diameter,  and  with  various  numbers  of  hearths,  so  that 
it  is  possible  to  obtain  the  desired  hearth  area  in  the  smallest  number 
of  units.  A  furnace  designed  to  roast  the  ordinary  pyrite  ore  con- 
taining 35  per  cent  or  more  available  sulphur  does  not  need  special 
description,  as  these  furnaces  are  standard  in  design  and  construc- 
tion. The  ordinary  20-foot  seven-hearth  furnace  with  top  drier 
hearth  can  be  relied  on  to  burn  about  50  to  60  tons  of  pyrite  per  day 
when  roasting  ore  carrying  45  per  cent  or  more  sulphur  to  2  to  4 
per  cent  in  the  calcine,  and  to  deliver  a  gas  carrying  about  7.5  per 
cent  sulphur. 

Various  modifications  of  construction  are  possible  to  meet  special 
?onditions  of  ores  and  of  results  desired. 

It  may  be  of  interest  to  note  the  type  of  construction  recommended 
by  the  Wedge  Furnace  Co.  for  a  furnace  to  roast  an  ore  containing 
less  than  30  per  cent  available  sulphur.  For  a  daily  capacity  of  33 
tons  of  such  ore.  a  25-foot  diameter  furnace  is  recommended  having 
seven  roasting  hearths  and  a  drier  hearth.  Part  of  the  rabble  arms 
are  water-cooled  and  part  are  air-cooled.  The  air,  delivered  by  a 
fan,  enters  the  furnace  at  the  top  of  the  central  shaft  and  through 
six  4-inch  pipes  enters  six  arms  in  the  upper  part  of  the  furnace. 
The  heated  air  from  these  six  arms  is  then  introduced  into  six  arms 
in  the  lower  part  of  the  furnace,  two  arms  being  in  tandem.  From 
these  lower  air-cooled  arms  the  heated  air  is  permitted  to  enter  the 
three  lower  hearths  through  openings  in  the  outer  ends  of  the  arms. 
The  fourth  and  hottest  hearth  lias  water-cooled  arms,  the  water  being 
supplied  by  gravity  from  a  water  pan  at  the  top  of  the  central  shaft, 
which  also  acts  as  a  lute  for  the  air  coming  from  the  fan. 

In  order  to  conserve  as  much  as  possible  the  limited  amount  of 
heat  units  generated  by  the  burning  of  the  ore,  the  outer  walls  of 
the  four  upper  hearths  have  a  thickness  of  2^  inches  of  an  insulating 
material,  such  as  "  nonpareil  "  brick  or  "  silocel "  brick.  The  three 
lower  hearths,  where  the  smallest  amount  of  heat  is  generated,  have 
a. thickness  of  5  inches  of  insulating  material. 

The  central  shaft  is  insulated  by  4  inches  of  special  tile  and  2£ 
inches  of  nonpareil  brick. 

The  bottom  hearth  is  supported  by  a  ^-inch  steel-plate  floor  and 
I  beams,  which  also  support  the  water  lute  at  the  bottom  of  the  cen- 
tral shaft.    The  bottom  hearth  is  also  insulated  with  nonpareil  brick. 

HERRESHOF  FURNACE. 

The  Herreshof  furnace  was  developed  by  the  General  Chemical 
Co.  through  its  Herreshof  furnace  department.  The  latest  pressure 
air-cooled  furnace  (PL  IV,  A,  p.  67)  was  developed  only  during  the 
last  five  years.     In  this  type  of  furnace  the  center  vertical  shaft  is 
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made  double,  the  outer  shaft  or  tube  being  of  cast  iron  and  the  inner 
tube  also  of  cast  iron  or  of  steel.  The  rabble  arms  are  -also  made  with 
this  double  effect,  the  inside  tube  of  the  arm  connecting  with  the 
inside  tube  of  the  shaft,  while  the  outside  tube  of  the  arm  connects 
with  the  outside  tube  of  the  shaft.  The  air  supplied  by  the  fan 
enters  the  inner  tube  of  the  shaft,  passes  through  the  inner  tube  of 
the  arm.  thence  through  the  outside  arm  and  shaft  tubes  to  the  top 
of  the  furnace.  Here  it  is  either  discharged  to  the  open  air  or  is 
carried  to  the  bottom  or  cooler  parts  of  the  furnace  for  combustion, 
either  through  temperature-control  flues  or  the  bustle  pipe,  or  both. 

The  temperature-control  flues  transmit  the  excess  heat  from  the 
hottest  zones  of  the  furnace  to  the  cooler  zones. 

Danger  control  in  the  waste-heat  bustle  pipe  and  in  the  control 
flues  makes  possible  the  use  of  as  much  or  as  little  of  the  waste  heat 
as  is  desired.  This  flexible  control  makes  the  furnace  adaptable  for 
burning  various  grades  and  quantities  of  ore  within  reasonable 
limits.  The  Herreshof  furnace  is  built  in  four  sizes,  the  smallest 
being  11  feet  7|  inches  in  diameter,  the  next  larger  15  feet  9^  inches 
in  diameter,  the  third  20  feet  in  diameter,  and  the  largest  21  feet  6 
inches  in  diameter,  with  either  five  or  seven  hearths.  The  smallest 
size  (five-hearth)  furnace  will  roast  about  5  tons  and  the  largest  as 
much  as  70  tons  a  day  of  pyrite  from  an  initial  sulphur  content  of  45 
per  cent  to  a  final  content  of  2.5  to  3  per  cent. 

The  cost  of  roasting  in  a  fines  burner  varies  between  $0.50  and 
$1.50  per  ton.  depending  largely  upon  the  size  of  the  plant  and  the 
equipment  for  handling  the  ore  mechanically.  During  the  year  1918 
an  average  cost  was  about  £1  per  ton. 

ZINC-OB-E  BOASTERS. 

Zinc  blende  is  roasted  primarily  to  prepare  that  material  for  sub- 
sequent metallurgical  treatment  by  which  the  zinc  is  reduced  to  the 
metallic  state.  As  the  first  consideration  in  the  roasting  of  blende 
is  to  get  as  complete  desulphurization  of  the  material  as  possible, 
the  production  of  sulphuric  acid  from  the  roaster  gases  is  ordinarily 
a  by-product  operation  and  of  special  consideration. 

Zinc  blende  as  handled  at  the  zinc  plant  ordinarily  contains  about 
25  to  30  per  cent  sulphur.  Under  proper  conditions  a  nearly  com- 
plete roast  of  an  average  blende  can  be  obtained,  and  one  of  the 
conditions  necessary  is  to  raise  the  temperature  of  the  ore  to  be- 
tween 700°  and  800°  C.  in  contact  with  sufficient  oxygen.  Theoreti- 
cally sufficient  heat  can  be  obtained  by  the  oxidation  of  the  sul- 
phur and  metal,  provided  the  gases  leaving  the  furnace  contain  at 
least  5  per  cent  sulphur  dioxide,  to  carry  on  the  process  without  ex- 
ternal fuel.     However,  no  furnace  has  yet  been  constructed  to  util- 
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ize  fully  the  heat  of  combustion  of  the  ore,  and  it  has  been  neces- 
sary  to  apply  external  heal. 

The  fuel  requirements  figured  to  bituminous  coal  vary  between 
5  per  cent  of  the  ore  roasted.  For  certain  districts,  namely, 
in  the  Kansas,  Oklahoma,  and  Arkansas  zinc  districts,  the  ores  are 
led  in  single-hearth  reverberating  type  furnaces,  such  as  the 
Ropp  or  Zellweger  furnaces,  where  the  products  of  combustion  of 
the  burning  fuel  come  in  direct  contact  with  the  ore  and  thus 
dilute  the  sulphur  dioxide  in  the  gases  leaving  the  furnace  to  a 
point  so  low  that  it  is  not  feasible  to  make  acid  therefrom.  These 
furnaces  are  much  cheaper  to  construct  than  the  muflle  type,  and 
can  be  operated  much  more  economically,  especially  with  natural 
gas,  which  is  available  in  the  district  where  these  roasters  are  used. 

HEGELER    TYPE    FURNACES. 

Where  sulphuric  acid  is  to  be  made  from  the  waste  gases  the  ore 
is  roasted  in  a  mufHe  type  of  furnace,  of  which  type  the  Hegeler 
furnace  is  the  most  commonly  used  in  this  country.  The  term  Hege- 
ler furnace  does  not  imply  a  furnace  of  a  certain  definite  struc- 
ture; it  refers  only  to  a  very  general  type.  The  original  Hegeler 
patent  (TJ.  S.  patent  No.  3036ft)  was  applied  for  in  1882,  and  at 
present  almost  every  Hegeler  furnace  has  been  built  differently. 
There  are  now  several  different  systems  of  firing,  and  several  sys- 
tems of  air  regulating,  besides  a  great  many  different  designs  of 
minor  features.  For  a  detailed  description  of  the  Hegeler  furnace 
and  the  method  of  operation  in  order  to  get  the  metallurgical  re- 
sults desired,  the  reader  is  referred  to  the  book  by  Ingalls.0 

Hegeler  furnaces  have  seven  hearths,  the  three  lower  being  heated 
with  producer  gas  (see  fig.  3). 

The  hearths,  with  muffles,  are  arranged  on  each  side  of  the  center 
wall,  the  concentrate  being  fed  in  at  opposite  ends  of  the  two  top 
hearths  and  discharged  at  the  two  opposite  ends  of  the  bottom 
hearth.  The  passage  of  the  blende  over  the  hearth  is  effected  by 
means  of  a  rabbling  mechanism.  Rabbling  is  commenced  at  the  top 
hearth,  the  charge  being  moved  from  the  feed  toward  the  discharge 
end,  where  it  is  dropped  through  a  slot  in  the  floor  of  the  hearth  upon 
the  hearth  below.  It  is  then  drawn  by  another  rabble  toward  the 
opposite  end,  where  it  is  again  dropped  through  another  slot  to  the 
next  lower  hearth,  and  so  on  until  discharged  from  the  lowest  hearth. 
The  rabble  used  is  a  rake  type  designed  to  turn  over,  plow,  and  move 
the  charge  forward  through  the  furnace.  The  rabbles  are  supported 
at  the  end  of  the  furnace  on  a  stand,  which  may  be  moved  from  one 
side  to  the  other  for  rabbling  each  of  the  two  hearths  on  each  level. 

°  Ingalls,  W.  B.,  Metallurgy  of  zinc  and  cadmium,  1903,  p.  145, 
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The  rakes  are  drawn  through  the  furnace  by  means  of  detachable 
rods. 

The  gas  travels  in  the  opposite  direction;  it  is  admitted  to  the 
lowest  fire  muffle  at  one  end  and  passes  to  the  other  end,  being  partly 
burned  by  the  admission  of  air  at  intervals.  The  gas  then  passes 
outside  of  this  muffle,  and  is  admitted  through  a  by-pass  to  the  next 
muffle  above,  where  it  is  further  burned,  the  combustion  being  finally 
completed  under  the  third  muffle. 
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Figure  3. — Hegeler  furnace  for  roasting  zinc  ores,  a,  Fire  muffles;  b,  roasting  muffles; 
c,  muffles  for  preheating  the  air  ;  d,  e,  feed  hoppers  ;  f.  discharge  into  second  muffles : 
y,  flue  for  gases;  h,  flue  to  acid  plant;  i,  6-ineh  I-beam;  /',  15-inch  I-beam;  k,  20-inch 
I-beam  ;  1,  flue  ;  m,  steel  rails ;  n,  kiln  floor. 

The  hearths  are  closed  at  the  ends  by  sheet-iron  doors  which  are 
hinged  at  the  top  and  are  automatically  opened  and  closed  by  the 
passage  of  the  rabbles  through  the  furnace. 

When  a  Hegeler  furnace  is  running  on  zinc  blende  alone,  the  gases 
from  it  seldom  carry  5  per  cent  S02,  the  S02  content  is  more 
frequently  nearer  4  per  cent,  and  varies  considerably. 

The  costs  of  roasting  zinc  blende  in  a  Hegeler  type  of  roaster  at 
different  plants  and,  the  roasting  results  obtained  vary  greatly, 
depending  largely  upon  the  skill  of  the  operators.  Prior  to  the  war 
the  working  cost  of  a  number  of  Hegeler  furnaces  was  less  than  $2 
per  ton  of  ore  treated,  and  averaged  throughout  the  country  about 
$2.50  per  ton. 
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The  first  cost  of  a  furnace  with  all  the  accessories,  on  a  prewar 
basis  of  cost,  was  about  $1,000  per  ton  daily  capacity  of  blende 
roasted. 

SFIKLET  FURNACE. 

Another  type  of  blende  roasting  furnace  used  in  connection  with 
acid  plants  is  the  Spirlet.  This  type  of  furnace  is  used  principally 
in  Europe,  but  also  is  used  in  this  country  by  the  Grasselli  Chemical 
Co.,  by  the  American  Zinc,  Lead  &  Smelting  Co.  at  East  St.  Louis 
and  Hillsboro,  111.,  and  by  the  National  Zinc  Co.  at  Argentine,  Kans. 
At  the  latter  plant  a  special  construction  has  been  developed  for 
overcoming  some  of  the  mechanical  troubles  present  in  the  operation 
of  the  original  furnaces. 

The  Spirlet  furnace  has  several  rotating  hearths,  projections  on 
the  underside  of  one  making  the  rabbles  for  the  hearth  beneath. 
These  rabbles  are  made  of  special  fireclay  shapes,  which  can  be  re- 
moved only  by  closing  down  the  furnaces  and  cooling  them.  The 
lowest  hearth  is  muffled.  The  roasted  ore  is  discharged  from  the 
periphery  of  the  lowest  hearth  into  a  hopper  where  part  of  the  heat 
is  utilized  to  preheat  the  air,  the  remainder  of  the  heat  being  sup- 
plied from  a  coal  fire  in  a  fire  box. 

According  to  Chase,a  the  Spirlet  furnace  requires  about  10  per  cent 
of  coal  as  fuel,  requires  about  2  horsepower  to  operate  a  5-ton  fur- 
nace, and  gives  a  gas  high  in  S02  with  a  loss  of  1  to  2  per  cent  zinc 
in  the  dust. 

WEDGE    (MUFFLE)    FURNACE. 

The  combination  muffle  and  reverberatory  Wedge  furnace  has  also 
been  used  for  roasting  zinc  ore.  In  this  type  of  roaster  the  heating 
over  the  upper  hearths  is  by  combustion  of  the  ore.  On  the  lower 
hearths  the  ore  is  heated  by  coal  burned  in  an  external  fire  box,  the 
combustion  gases  coming  in  direct  contact  with  the  ore,  but  not  mix- 
ing with  the  gases  coming  from  the  upper  hearths. 

DUST  CHAMBERS  AND  FUME  COLLECTORS. 

In  fines  burners  there  is  always  considerable  dusting  of  the  very 
fine  particles  of  ore,  especially  as  the  ore  falls  from  floor  to  floor, 
and  even  when  the  burner  is  so  designed  as  to  permit  the  gases  to 
rise  at  low  velocities  through  the  drop  holes  a  certain  amount  of 
this  very  fine  dust  is  carried  out  of  the  furnaces  with  the  gases. 
There  are  also  present  volatilized  metals  or  metallic  compounds 
which  are  condensed  as  the  gases  are  cooled,  and  as  the  particles 
of  condensed  fume  are  extremely  fine,  they  are  easily  carried  along 
by  the  gas  streams. 

°  Chase,  M.  F.,  Choice  of  a  Wende  roasting  furnace :  Eng.  and  Min.  Jour.,  vol.  104, 
Oct.  20,  1917,  pp.  69S-704. 
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The  greater  part  of  the  mechanically  carried  dust  must  be  removed 
from  the  gases  before  they  go  into  the  Glover  towers  of  a  chamber 
plant  or  to  the  scrubbing  towers  of  a  contact  plant;  otherwise  the 
towers  will  soon  be  so  filled  by  the  dust  that  passage  of  the  gases 
through  them  will  be  seriously  impeded. 

METHODS  OF   MECHANICAL   PRECIPITATION. 

The  method  most  commonly  employed  for  removing  the  mechan- 
ically carried  dust  is  to  pass  the  gases  through  a  dust  chamber  or 
large  flue  where  their  velocity  is  greatly  reduced  and  the  dust  settles 
out.  Formerly  it  was  believed  that  passing  the  gases  through  a  long 
system  of  pipes  or  flues  of  such  cross  section  that  the  velocity  would 
not  exceed  20  or  30  feet  per  second  would  permit  settling  of  all  the 
dust.  Modern  construction  of  dust  flues  or  chambers  permits  reducing 
the  velocity  of  the  gases  to  not  more  than  5  feet  per  second  and  even 
less  than  3  feet  per  second,  the  length  of  the  flues  being  much  less 
than  formerly.  A  chamber  125  feet  long  will  allow  most  of  the. 
pyrite  dust  to  settle  at  a  velocity  of  3  feet  per  second. 

At  a  chamber  plant  it  is  usually  desirable  to  settle  the  dust  with 
as  little  loss  of  temperature  as  possible,  so  that  long  flues  are  not 
satisfactory.  Hence,  various  means  have  been  tried  for  increasing  the 
rate  of  settling  within  a  comparatively  short  distance  of  travel  and 
thus  reduce  the  length  of  the  flues.  For  example,  some  settling  cham- 
bers are  constructed  with  baffle  walls  or  plates  placed  directly  across 
the  path  of  flow  of  the  gases,  with  space  at  the  top  or  bottom  of  the 
Avails  for  the  passage  of  the  gases.  The  passing  of  the  gases  through 
these  open  spaces,  however,  sets  up  eddy  currents  which  tend  to  keep 
the  dust  in  circulation  and  thus  neutralize  to  a  large  extent  the  effect 
of  the  baffles. 

Hanging  wires  in  the  flues  are  effective  in  removing  dust  particles, 
and  flues  hung  with  wires  will  allow  a  satisfactory  high  dust  recov- 
ery, even  with  a  velocity  of  6  to  8  feet  per  second.  Usually  the  wires 
are  hung  3  or  4  inches  apart  and  the  rows  of  wires  are  staggered  so 
that  there  will  be  ample  provision  for  the  gases  to  impinge  on  the 
wire  surfaces. 

In  the  Gilchrist  rod  collector,  constructed  by  the  Chemical  Con- 
struction Co.,  iron  rods  are  used  in  place  of  wires.  Arrangements 
are  provided  for  vibrating  the  rods  at  definite  intervals,  which  shakes 
the  dust  to  the  floor  of  the  dust  chamber. 

The  dust  chambers  or  flues  at  modern  chamber  plants  are  now 
usually  of  brick,  rectangular  in  cross  section,  with  an  arched  roof. 
At  contact  plants  or  chamber  plants  where  it  is  not  so  desirable  to 
save  all  the  heat  possible  they  may  be  made  of  sheet  iron.  Fre- 
quently the  flues  are  elevated,  being  supported  by  a  steel  structure, 
and  the  bottom  is  made  up  of  a  series  of  hoppers,  whence  the  dust  is 
discharged  into  cars  run  beneath. 
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Centri fugal  force  is  applied  in  some  plants  to  remove  suspended 
particles  from  the  gases.  In  the  method  generally  used  the  gas  is 
brought  tangentially  into  a  stationary  container  of  circular  horizon- 
tal cross  section  and  withdrawn  vertically  upward  through  the  axis 
of  the  container,  as  in  the  well-known  type  of  cyclone  dust  catcher. 
The.  dust  particles  tend  to  be  thrown  out  to  the  periphery  and  finally 
drop  down  into  a  receptacle  provided  for  them  beneath.  This 
method  is  decidedly  effective  in  removing  fairly  coarse  dust,  but  its 
efficiency  falls  off  very  rapidly  in  dealing  with  smaller  dust  particles. 

A  dust  collector  was  devised  by  Henry  Howard  (U.  S.  patents 
9T0053  and  896111)  having  a  series  of  horizontal  parallel  shelves 
spaced  an  inch  or  so  apart,  across  which  the  gases  pass  in  a  slow 
stream  from  one  chamber  to  another,  the  dust  being  deposited  on  the 
shelves.  The  dust  is  then  removed  by  rabbles  inserted  through  doors 
in  the  flue  walls.  With  hot  gases  these  shelves  tend  to  warp,  which 
makes  cleaning  difficult. 

Xone  of  the  above  outlined  methods  for  settling  dust  will  remove 
metallic  fumes.  As  previously  stated,  the  fume  particles  are  so  ex- 
tremely minute  that  they  do  not  settle  from  the  gas  stream  by  gravity 
as  do  the  flue-dust  particles.  Even  though  the  gas  stream  is  cooled 
so  that  complete  condensation  can  take  place  and  the  velocity  of  the 
gases  be  reduced  to  a  low  rate,  very  little  settling  of  fume  occurs. 
Usually  the  fume  consists  of  oxidized  arsenic,  zinc,  or  lead  com- 
pounds. At  only  a  few  chamber  plants,  however,  is  the  amount  of 
this  fume  present  in  the  gases  so  large  that  its  presence  is  a  serious 
factor.  At  contact  plants  special  scrubbing  and  filtering  devices 
are  employed,  as  described  in  a  subsequent  connection,  for  completely 
removing  these  substances  from  the  gases. 

The  method  of  removing  dust  and  fume  by  filtration  through  cot- 
ton or  woolen  bags,  as  is  employed  at  various  metallurgical  plants, 
has  been  suggested,  but  can  not  be  utilized  to  remove  dust  from  gases 
from  pyrite  burners  because  the  sulphuric  acid  anhydride  (S03) 
or  sulphuric  acid  mist  present  would  destroy  the  bags  and  because 
the  temperatures  are  very  much  too  high. 

The  use  of  fine  wire  screens  and  of  asbestos  in  place  of  cotton  or 
woolen  fabrics  has  also  been  suggested  and  tried,  but  they  have  not 
proved  serviceable,  chiefly  because  of  their  high  cost,  clogging  of 
the  pores,  rapid  corrosion  of  the  wires  when  fine  enough  to  filter 
effectively,  and  the  tendency  of  the  asbestos  to  become  brittle  in 
highly  acid  atmospheres. 

ELECTRICAL  PRECIPITATION. 

During  the  last  few  years  several  electrical  precipitation  units 
have  been  installed  at  acid  plants  for  removing  both  the  dust  and 
the  fume  from  the  gases. 
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Plate  V  shows  the  interior  of  an  electrical  precipitation  unit; 
Plate  II,  0  (p.  61),  shows  an  exterior  view  of  a  precipitator;  and 
figure  4  shows  the  general  arrangement  of  a  precipitator  installation. 
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In  the  electrical  precipitators  the  gases  are  caused  to  pass  between 
two   electrodes,   one   being   grounded   and   the   other   under   a   high 
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voltage,  so  that  an  electrical  field  of  high  intensity  is  maintained 
between  them.  In  some  plants  the  grounded  electrodes  are  pipes 
ili rough  which  the  gases  ascend  or  descend.  In  other  installations 
the  grounded  electrodes  are  parallel  plates  of  steel  or  sheet  iron,  the 
gases  passing  either  horizontally  or  rising  vertically  between  them. 
The  charged  electrodes  are  usually  wires  or  chains  or  small  rods. 
These  electrodes  are,  of  course,  completely  and  carefully  insulated. 
For  charging  this  insulated  electrode  an  intermittent  direct  current 
is  used  which  is  obtained  by  rectifying  an  alternating  current  of 
high  potential.  An  alternating  current  from  a  power  circuit  is 
transformed  to  the  desired  high  voltage,  and  the  high-voltage  current 
i-  then  connnected  to  the  treater  through  a  special  rotary  contact  rec- 
tifier driven  by  a  synchronous  motor.  The  voltage  employed  de- 
pends upon  the  spacing  of  the  electrodes  and  somewhat  upon  the 
nature  of  the  gases  and  dust  being  treated.  With  a  spacing  of  3 
inches  bel  ••  a  the  charged  and  the  grounded  electrodes  the  differ- 
ence of  potential  maintained  is  about  28,000  to  30.000  volts.  xVs 
the  gases  pass  between  the  electrodes  the  particles  of  dust  and  fume 
ere  electrified  and  are  precipitated,  mostly  on  the  plate  or  pipe 
electrode.  Means  are  provided  for  tapping  both  the  charged  and 
the  collecting  or  grounded  electrode  in  order  to  remove  the  dust 
adhering  to  them.  Hoppers  are  placed  beneath  the  treaters  so  that 
the  collected  dust  ma}7  be  removed  readily. 

Xo  attempt  will  be  made  in  this  bulletin  to  discuss  the  theories  of 
electrical  precipitation,  or  the  general  application  of  electrical  pre- 
cipitation to  the  problem  of  removing  dust  and  fume  from  metal- 
lurgical smoke.  These  points  are  described  in  various  papers,  chief 
among  them  being  an  article  by  Cottrell0  and  one  by  Fulton.& 

Precipitators  are  designed  in  units  with  an  excess  total  capacity 
so  that  one  or  more  units  may  be  shut  off  by  dampers  for  repairs  or 
cleaning  without  raising  the  velocity  too  high  in  the  other  units. 

The  treaters  have  usually  been  designed  to  treat  the  gases  at  a 
velocity  of  less  than  10  feet  per  second,  usually  around  5  feet  per 
second.  Thus,  to  treat  the  gases  from  a  furnace  roasting  45  tons  of 
pyrite  a  day  and  producing  gas  with  a  sulphur  dioxide  concentra- 
tion of  7-1-  per  cent,  or  a  total  volume  at  550°  C.  of  about  13,000  cubic 
feet  a  minute,  a  treater  having  an  effective  area  for  passage  of 
the  gases  of  about  36  square  feet  would  be  necessary. 

At  the  chamber  acid  plant  of  the  Baugh  Chemical  Co.,  near  Balti- 
more, Md.,  an  electrical  precipitator  has  been  installed  to  treat  the 
gases  at  a  temperature  of  about  600°  C,  and  occasionally,  for  short 
periods,  as  high  as  750°  C.     At  these  high  temperatures,  certain 

°  CottrelJ,  F.  6.,  Problems  in  smoke,  fume,  and  dust  abatement  :  Annual  report  for 
1913,  Smithsonian  Inst.,  pp.  653-6S5. 

•Fulton,  C.   II.,  Metallurgical   smoke,   Bull.   84,    Bureau  of  Mines,    1015,   pp.   59-65. 
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metallic  fumes,  such  as  arsenic  compounds,  would  not  be  removed, 
but  all  dust  and  fume  constituents  possessing  high  volatilization 
points  are  effectively  recovered. 

At  practically  all  acid  plants  where  installed,  the  electrical  pre- 
cipitators have  been  satisfactory  as  dust  collectors,  and  where  the 
temperatures  have  been  reduced  to  the  necessary  points,  metallic 
fumes  have  also  been  recovered. 

The  Research  Corporation  owns  and  controls  the  right  to  the  elec- 
trical precipitation  process,  as  applied  to  cleaning  gases  from  pyrite 
burners,  throughout  the  United  States,  except  in  Washington, 
California,  Idaho,  Nevada,  and  Arizona.  Either  a  royalty  or  a 
license  fee  is  charged  for  the  use  of  the  process. 

Some  data  relative  to  the  electrical  installations  for  cleaning  fur- 
nace gases  at  acid  plants  in  this  country  are  given  in  the  following 
table : 

Data  on  electrical  precipitator  installations  for  cleaning  roaster  gases  in  the 
manufacture  of  sulphuric,  acid. 


Instal- 
lation. 

Volume 
of  gas, 
cubic 
feet  per 
minute. 

Temper- 
ature of 
gases,  °F. 

Type. 

Source  of  gas. 

Cost  of 
installa- 
tion. 

A 

15,000 

8,650 
12,000 
17,000 

8,000 
18,000 

1,200 

1,000 
600 
360 

1,300 
800 

Plate  and  strip,  two  sections 

Plate  and  strip,  three  sections 

Square  pipe,  2  units  of  20  pipes  each 
Pipe,  2  unit  s  of  36  pipes  each. 

Plate  and  strip,  one  section 

Plate  and  strip,  two  sections 

Pyrite — Herreshof  burners . . . 
Zinc  ores — Matthiesson  and 

$18,000 
20,000 

c 

D 

Zinc  ores — Skinner  kilns 

Zinc  ores — Mathev  kiln 

Zinc  ores — Matthiesson  and 

7,808 

30,000 

12,500 

F 

21,000 

From  dust  chambers  or  flues,  or  centrifugal  separators,  or  elec- 
trical precipitators,  the  gases  at  a  chamber  plant  are  conducted 
directly  to  the  Glover  towers.  At  a  contact  plant  the  gases  are  con- 
ducted to  scrubbing  and  cooling  towers  and  through  filters  to  remove 
the  last  traces  of  fume.  These  special  fume  removers  are  discussed 
later  under  the  description  of  the  contact  process. 

CHAMBER  PROCESS  FOR  MANUFACTURE  OF  SULPHURIC  ACID. 

GENERAL  PRINCIPLES. 

The  chamber  process  consists  essentially  in  bringing  together 
under  suitable  conditions  sulphur  dioxide,  oxygen,  and  water,  in  the 
presence  of  the  oxides  of  nitrogen,  with  the  resultant  formation  of 
sulphuric  acid.  The  reactions  that  actually  take  place  between  these 
substances  in  the  chamber  are  rather  obscure,  although  the  end 
result  is  as  though  the  reaction  was  S02-f-0-fH20=H2S04 — that  is, 
as  t  hough  the  oxides  of  nitrogen  did  not  react.    However,  it  is  known 
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Lai.-,  reaction   will   not   take  place  in  the  chamber  without  the 

presence  of  the  nitrogen  oxides.     In  practice  much  more  water  is 

led  to  bring-  about  the  reaction  than  is  theoretically  required  for 

j.iodiution  of  II..SO,.     The  sulphuric  acid  formed  in  chambers 

is  therefore  always  dilute.     The  theory  as  to  the  chemistry  of  the 

reactions  is  discussed  briefly  below. 

For  the  manufacture  of  sulphuric  acid  by  the  chamber  process, 
!es  the  burners.  Hues,  cfctsfc  chambers,  etc.,  there  are  three  prin- 
cipal elements — (1)  the  Glover  towers,  (2)  the  acid  chambers,  and 
0$)  the  Gay-Lussac  towers.  In  most  plants  the  ""niter  pots"  or 
retorts  may  also  be  considered  one  of  the  principal  elements.  In 
addition  there  must  be  the  necessary  fans,  pumps,  pipe  lines,  storage 
tanks,  and  other  accessories  The  general  flow  of  gases  and  reacting 
material  through  these  elements  is  as  follows: 

The  gases  coming  from  the  pyrite  or  sulphur  burners  usually  con- 
tain 5  to  8  per  cent  sulphur  dioxide,  a  small  proportion,  usually  less 
than  0.5  per  cent,  of  sulphur  trioxide,  10  to  14  per  cent  oxygen,  about 
80  per  cent  nitrogen,  and  some  water  vapor.  The  ratio  of  oxygen  to 
sulphur  dioxide  depends  on  whether  the  material  being  burned  is 
sulphur  or  pyrite.  The  dust  is  largely  removed  by  the  dust-collecting 
devices  previously  described :  the  hot  gases  then  go  to  a  Glover 
tower,  passing  upward  through  the  packing  or  filling  of  the  tower, 
where  they  come  in  contact  with  a  down-flowing  stream  of  weak 
sulphuric  acid,  and  also  the  "nitrous  vitriol "  or  the  cold  acid  that 
has  been  used  in  the  Gay-Lussac  tower  for  recovery  of  the  nitrogen 
oxides.  Between  the  dust  chamber  and  the  Glover  tower  are  usually 
placed  the  "  niter  pots,"  in  which  the  necessary  quantities  of  oxides 
of  nitrog-en  are  generated  and  added  to  the  gases  going  to  the  Glover 
tower  to  maintain  the  proper  amount  of  those  oxides  in  the  system. 
Other  methods  of  adding  the  fresh  supply  of  nitric  acid  to  the 
system  will  be  described  later. 

The  hot  ascending  gases  evaporate  a  considerable  portion  of  the 
water  from  the  weak  acid,  thereby  concentrating  the  sulphuric  acid 
and  at  the  same  time  releasing  the  nitrous  acid  from  the  "nitrous 
vitriol."  The  released  oxide  of  nitrogen,  the  sulphur  dioxide  gas, 
and  the  water  vapor  pass  over  into  the  lead  chambers,  where  the  red- 
actions take  place  for  the  production  of  sulphuric  acid.  After  leav- 
ing the  chambers,  the  gases — consisting  essentially  of  nitrogen,  the 
excess  oxygen,  the  oxides  of  nitrogen,  and  acid  mist  or  water  mist — 
are  led  through  the  Gay-Lussac  towers,  where  the  nitrous  acid 
is  absorbed  and  recovered  from  the  waste  gases  by  strong  sulphuric 
acid,  forming  "nitrous  vitriol."  The  waste  gases  are  discharged 
from  the  top  of  the  Gay-Lussac  tower  either  directly  into  the  air 
or  into  a  flue  leading  to  a  stack.  As  already  indicated,  the  nitrous 
vitriol  thus  obtained  is  conducted  to  the  Glover  towers  diluted  with 
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chamber  acid,  and  the  nitrous  acid  gas  is  again  liberated  by  heat  and 
passed  into  the  chamber  system. 

The  acid  produced  in  the  chambers  is  dilute,  containing  only  about 
f»0  to  65  per  cent  H2S04,  and  at  many  plants  a  large  part  or  all  of 
this  chamber  acid  is  passed  through  the  Glover  tower  and  concen- 
trated to  about  75  or  80  per  cent  H,S04. 

Although  there  are  various  types  of  chambers  and  intermediate 
towers  and  apparatus  between  chambers  to  increase  the  speed  of 
the  chemical  reactions,  the  Glover  towers  and  the  Gay-Lussac  towers 
are  generally  built  on  approximately  the  same  lines  and  their  opera- 
tions are  very  similar  at  most  plants. 

Several  theories  have  been  advanced  to  explain  the  reactions 
occurring  in  the  Glover  towers  and  the  lead  chambers,  and  the  part 
taken  in  these  reactions  by  the  nitrogen  oxides.  The  most  generally 
accepted  theory  is  that  of  Lunge,"  which  is  a  result  of  his  elabo- 
rate investigations  made  in  1884.  Under  this  theory,  sulphur  dioxide 
(S02),  nitrous  acid  anhydride  (N203),  oxygen,  and  water  vapor 
unite  directly  to  form  "nitrososulphuric  acid,"  the  reaction  being  as 
follows:  2S02+N20,+02+H20=2SOa(OH)(ONO).  This  com- 
plex compound  floats  around  in  the  chamber  as  a  mist  until  meeting 
water  mist  particles,  either  as  water  or  in  the  form  of  very  dilute 
sulphuric  acid;  the  nitrososulphuric  acid  is  broken  up  into  sulphuric 
acid  and  nitrous  acid,  as  follows:  2SO„(OH)  (ONO)+H20= 
H2S04+N203. 

Various  secondary  reactions  have  been  suggested.  In  the  first  lead 
chamber  in  the  Glover  tower  where  the  temperatures  are  relatively 
high  and  there  is  an  excess  of  water  vapor,  the  following  reaction 
is  supposed  to  occur:  2S02(OH)  (ONO)+SOe+2H20=3H2S04+ 
2NO.  As  there  is  usually  an  excess  of  oxygen  also  present  the 
nitric  oxide  (NO)  thus  formed  is  at  once  brought  into  reaction  again, 
as  follows:    2S02+2NO+30+H20=2S02(OH)  (ONO). 

If  there  is  a  deficiency  of  oxygen,  the  nitric  oxide  is  not  com- 
pletely reoxidized  to  nitrous  acid  (N203)  and  returned  to  the  process, 
but  passes  through  the  several  chambers,  and  as  the  nitric  oxide  is 
not  readily  absorbed  by  the  acid  in  the  Gay-Lussac  towers,  it  escapes 
into  the  atmosphere.  A  portion  of  the  nitric  oxide  (NO)  reacts  with 
the  sulphuric  acid  and  oxygen  or  with  sulphur  dioxide,  water  vapor, 
and  oxygen  to  form  nitrososulphuric  acid  again;  in  other  words, 
these  reactions  are  reversible,  and  all  of  them  may  be  taking  place 
at  the  same  time  in  the  first  chamber  or  in  the  Glover  tower.  Vari- 
ous other  secondary  reactions  have  been  determined  or  their  existence 
has  been  indicated,  all  of  which  are  discussed  in  great  detail  in 
Lunge's  book.     It  is  to  be  noted  that  whatever  may  be  the  real  se- 

«  Lunge,  George,  Sulphuric  acid  and  alkali,  pt.  2,  1913,  pp.  987-1038. 
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quence  or  types  of  reactions,  in  all  instances  the  nitric  acid  and  the 
oxides  of  nitrogen  do  not  act  as  true  catalyzers,  inasmuch  as  these 
compounds  themselves  enter  into  the  reactions. 

The  main  reacting  nitrogen  compound  or  oxygen  carrier  is  nitro- 
gen trioxide,  or  nitrous  acid  anhydride,  and  the  efforts  discussed 
Later  to  increase  the  efficiency  of  the  chamber  process  have  been 
largely  aimed  at  increasing  the  activity  of  the  nitrous  acid. 

THE    GLOVER  TOWER. 

The  chief  functions  of  the  Glover  tower  are:  (1)  The  denitration 
of  the  nitrous  vitriol,  (2)  the  conversion  into  nitrous  acid  of  the 
nitric  acid  which  is  added  to  make  up  for  the  nitrous  acid  lost  in  the 
process,  (3)  the  concentration  of  weak  chamber  acid,  (1)  the  cooling 
of  the  furnace  gases,  (5)  production  of  acid  in  the  upper  part  of  the 
tower,  (6)  the  cleaning  of  the  furnace  gases  from  impurities. 

DENITRATION    OF   THE    NITROUS    VITRIOL. 

The  denitration  of  the  nitrous  vitriol  is  the  most  important  and 
characteristic  function  of  the  Glover  tower.  The  nitrous  acid  gas 
from  the  chambers  is  absorbed  at  the  Gay-Lussac  towers  in  cold 
sulphuric  acid  of  about  78  per  cent  H2S04  strength.  The  nitrous 
vitriol  so  obtained  contains  No03  in  amounts  equivalent'  to  2  to  4  per 
cent  of  XaN03,  or  30  to  60  ounces  XaN03  per  cubic  foot  of  acid. 
This  is  diluted  with  weak  chamber  acid  and  is  spra}Ted  down  over 
the  packing  of  the  Glover  tower,  where  it  is  exposed  to  the  ascending 
hot  furnace  gases.  By  the  dilution  and  heat,  together  with  the 
reaction  with  sulphur  dioxide  and  water,  the  nitrous  acid  is  released. 
To  be  properly  denitrated,  the  strength  of  the  acid  entering  the  top 
of  the  tower  should  not  be  over  57°  B.  (72  per  cent  H2S04). 

The  Glover  tower  top  is  designed  to  give  a  uniform  distribution  of 
the  acid  and  to  expose  it  in  as  fine  a  state  as  possible  to  the  ascending 
gases.  The  acid  feed  to  the  tower  should  be  carefully  regulated,  for 
not  only  is  the  chief  quantity  of  niter  supplied  there,  but  also,  by  the 
concentration  of  the  chamber  acid,  a  large  quantity  of  steam  is 
generated  for  the  chambers.  In  fact,  the  whole  of  the  chamber  re- 
actions depend  almost  entirely  upon  the  successful  working  of  the 
Glover  tower. 

The  denitration  takes  place  in  the  upper  part  of  the  tower.  The 
amount  of  sulphuric  acid  circulated  through  the  Gay-Lussac  and  the 
Glover  towers  varies  greatly  at  different  plants,  from  a  ratio  of  1  ton 
of  circulating  acid  to  1  ton  of  acid  produced,  to  a  ratio  of  3  tons  of 
circulating  acid  to  1  ton  of  acid  produced.    In  common  practice  where 
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brimstone  is  used,  and  the  plant  is  not  being  forced  to  work  with  low 
chamber  space,  the  acid  circulating  is  about  1.5  times  the  acid 
produced.  With  an  average  N2Os  content  of  the  nitrososulphuric 
acid  equivalent  to  about  2.5  per  cent  NaNOs,  or  40  ounces  NaN03 
per  cubic  foot  of  acid,  the  NaN03  content  of  the  nitrous  vitriol  is 
equivalent  by  weight  to  13.8  per  cent  of  the  sulphur  burned.  In  addi- 
tion, approximately  3.5  per  cent  of  nitrate  of  soda  is  added  to  the 
circulating  acid,  making  the  total  proportion  of  NaN03  in  circula- 
tion equivalent  to  17.3  per  cent  by  weight  of  the  sulphur  burned. 
When  the  chamber  plants  are  being  forced,  that  is,  run  at  11  cubic 
feet  or  less  of  chamber  space  per  pound  of  sulphur,  the  amount  of 
niter  in  circulation  is  usually  nearly  30  per  cent  of  the  weight  of 
the  sulphur.  No  two  acid  plants  shows  uniform  results  as  regards 
the  content  of  oxides  of  nitrogen  in  the  nitrous  vitriol,  or  the  volume 
of  such  acid  being  circulated  per  unit  quantity  of  sulphur  burned.  A 
maximum  figure  for  niter  circulation  should  be  decided  upon  for 
each  set,  as  too  much  niter  circulating  has  a  detrimental  effect  upon 
the  chamber  leadwork.  When  pushing  the  chambers,  and  using  a 
greatly  reduced  space  per  unit  of  sulphur  burned,  the  niter  circula- 
tion is  necessarily  raised  and,  as  is  shown  in  a  subsequent. connection, 
this  undoubtedly  contributes  largely  to  the  increased  wear  and  tear 
found  under  these  conditions. 

The  nitrous  vitriol  from  the  Gay-Lussac  towers  is  usually  diluted 
with  weak  chamber  acid  rather  than  water.  The  mixing  is  often 
done  outside  the  tower,  or  the  strong  nitrous  vitriol  and  the  weak 
acid  are  fed  separately  into  the  top  of  the  Glover  tower  through  prop- 
erly trapped  holes  and  are  then  mixed  in  the  top  part  of  the  Glover 
tower  with,  also,  any  nitric  acid  which  may  have  been  added  to  main- 
tain the  niter  content.  The  dissolved  nitrogen  oxides  are  removed 
rapidly  in  the  higher  parts  of  the  tower  by  dilution  and  heat  and 
the  presence  of  sulphur  dioxide.  The  nitrososulphuric  acid  resists 
separation  from  the  sulphuric  acid,  and  the  last  traces  of  it  are  re- 
moved probably  only  by  the  following  reaction:  2S02  (OH)  (O  NO) 
+S02+2H20=3H2S04+2NO.  The  NO  passing  up  the  tower  along 
with  the  oxygen  is  converted  into  N203.  Up  to  a  strength  of 
about  58°  B.,  sulphuric  acid  can  be  denitrated  by  hot  sulphur  dioxide 
gas.  but  it  is  not  desirable  to  have  the  acid  reach  the  zone  of  final 
denitration  at  a  stronger  strength  than  58°  B.,  even  though  excess 
sulphur  dioxide  and  water  vapor  may  be  present  in  that  zone. 

CON  VERSION    INTO    NITROUS   ACID   OF   THE    NITRIC    ACID   ADDED. 

For  reasons  that  are  discussed  in  a  subsequent  chapter  (p.  118), 
there  is  always  some  loss  of  nitrous  acid  in  the  process,  and  this 
loss  is  usually  made  up  by  adding  nitric  acid. 
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Where  the  necessary  nitric  acid  is  added  to  the  oases  by  "potting" 
the  nitrate  of  soda  prior  to  the  entrance  of  the  gases  into  the  Glover 
tower,  the  Glover  tower  performs  the  function  of  converting  the 
nitric  acid  gas  into  nitrous  acid  gas,  through  reactions  with  the  nitro- 
ilphuric  acid,  sulphuric  acid,  sulphur  dioxide  and  the  other 
oxide-  of  nitrogen  that  are  probably  present,  at  least  momentarily. 

The  most  efficient,  direct,  and  most  easily  controlled  method  of 
supplying  the  chamber  process  with  the  nitrogen  oxides  i^  to  pre- 
pare outside  the  tower  a  mixture  of  nitric  acid  and  sulphuric  acid, 
and  to  add  this  nitric-sulphuric  acid  mixture  with  the  nitrous  vitriol 
from  the  Gay-Lussac  tower.  The  nitric  and  sulphuric  acid  mixture 
is  prepared  by  "potting""  the  nitrate  and  passing  the  nitric  acid 
gases  into  sulphuric  acid  in  a  lead  tank  which  is  provided  with  cool- 
ing coils  to  keep  the  acid  mixture  cool  and  prevent  loss  of  nitrogen 
oxides. 

At  some  plants  the  bags  in  which  the  nitrate  of  soda  is  received 
are  leached  with  water  and  the  water  solution  of  sodium  nitrate  is 
put  directly  into  the  Glover  tower.  Spent  acids  from  explosives 
manufacturers,  containing  10  to  15  per  cent  nitric  acid  and  TO  to  80 
per  cent  sulphuric  acid,  are  occasionally  introduced  directly  to  the 
Glover  tower,  and  the  nitric  acid  is  decomposed  to  nitrous  acid  and 
i->  taken  into  the  system. 

CONCENTRATION  OP  WEAK  CHAMBER  ACID. 

As  previously  stated,  in  order  to  denitrate  the  nitrous  vitriol  it 
is  necessary  to  dilute  the  vitriol,  and  this  is  usually  done  with  cham- 
ber acid.  The  denitration  takes  place  in  the  upper  part  of  the 
Glover  tower;  the  weak  denitrated  acid  then  descending  through  the 
tower  is  concentrated  by  the  hot  ascending  gases,  the  resulting  steam 
passing  into  the  chambers  to  supply  a  part  of  the  steam  necessary 
for  the  process. 

For  towers  of  ordinary  construction  and  in  the  customary  prac- 
tice, the  Glover  tower  will  readily  concentrate  to  about  60°  B. 
strength  more  acid  than  is  required  for  the  Gay-Lussac  towers.  In 
a  well-designed  tower  and  with  hot  furnace  gase-- — that  is.  gases 
entering  the  tower  at  350°  C.  or  more — it  is  possible  to  concentrate  all 
the  chamber  acid  produced  to  <>0°  B.,  or  even  higher.  The  acid  from 
the  Glover  tower  issues  hot,  about  130°  (_'.,  and  usually  contains  a 
little  sulphur  dioxide,  but  is  comparatively  free  from  the  oxides  of 
nitrogen.  This  acid  also  contains  arsenic  and  selenium  if  these 
metals  were  present  in  the  ore,  and  dust  or  fumes  either  in  solution  or 
suspension  if  removal  has  not  been  effected  in  the  dust  and  fume 
collectors. 
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COOLING  THE  PUENAGB  GASES. 

If  the  hot  furnace  gases  were  permitted  to  enter  the  chambers 
without  being-  properly  cooled,  the  heat  of  the  gases,  when  added  to 
the  heat  of  oxidation  of  the  S02  to  ISO.,  would  be  detrimental  to 
the  lead  chambers  and  also  to  the  process.  Thus,  just  as  it  is  usually 
important  to  conserve  the  heat  in  the  gases  going  to  the  Glover  tower 
in  order  to  get  the  maximum  evaporation  possible,  it  is  also  desirable 
to  reduce  to  a  safe  point  the  temperature  of  the  gases  as  they  issue 
from  the  Glover  tower. 

The  temperature  of  the  gases  issuing  from  lump  and  fines  burners 
will  run  between  150°  and  600°  C,  and,  as  a  satisfactory  dust  recov- 
ery can  usually  be  obtained  at  less  than  500°  C.,  delivery  of  the  gases 
to  the  bottom  of  the  Glover  tower  at  about  350°  to  450°  C.  is  possible. 
Gases  from  a  brimstone  burner  can  usually  be  delivered  almost 
directly  from  the  burner  to  the  tower  at  a  temperature  around  450°  C. 
The  gases  should  issue  from  the  top  of  the  Glover  tower  at  a  tem- 
perature not  higher  than  90°  C„  otherwise  cooling  towers  are  neces- 
sary between  the  towers  and  the  chambers.  The  usual  temperature  of 
the  gases  at  the  top  is  about  75°  to  80°  C. 

PRODUCTION  OF  SULPHURIC   ACID  IX   UPPER  PART  OF  THE  GLOVER  TOWERS. 

The  liberation  of  the  oxides  of  nitrogen  in  the.  Glover  tower,  in  the 
presence  of  moisture  and  sulphur  dioxide,  together  with  the  cooler 
temperatures  at  the  top  of  the  tower,  gives  the  conditions  requisite 
for  the  formation  of  sulphuric  acid.  In  well-operated  and  well- 
designed  towers  as  much  as  20  per  cent  of  the  total  production  of 
acid  from  the  plant  may  be  formed  in  the  tower.  Usually  the  pro- 
duction in  the  Glover  tower  is  only  about  12  to  15  per  cent  of  the 
total. 

CLEANING  THE  FURNACE  GASES. 

As  a  rule,  nearly  all  the  very  fine  dust — oxide  of  iron,  or  unburned 
pyrite — that  is  mechanically  carried  through  the  flues  and  settling 
chambers  by  the  gases  is  caught  in  the  Glover  tower,  and  is  washed 
out  of  the  tower  by  the  acid  either  in  suspension  or  as  sulphate  solu- 
tion. With  efficient  dust  collectors  between  the  furnaces  and  the 
Glover  tower,  the  quantity  of  this  material  collected  in  the  tower 
should  be  relatively  small.  However,  unless  the  gases  are  cooled  and 
special  devices  are  installed  to  collect  the  arsenic  and  selenium,  the 
latter  collect  largely  in  the  tower  and  are  also  washed  out  by  the  tower 
acid.  Arsenic  dissolves  as  arsenious  oxide,  and  when  present  in  large 
quantities  sometimes  separates  again  as  fine  crystals  when  the  Glover- 
tower  acid  is  cooled.     When  much  arsenic  is  present,  all  of  it  is  not 
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caught  in  the  (Hover  tower,  a  large  portion  being  carried  on  into  the 
chambers,  where  it  has  a  deleterious  effect  upon  the  lead.  Selenium, 
when  present,  colors  the  acid  red. 

Zinc  and  lead  fumes  also  are  partly  collected  at  the  Glover  tower 
when  the  ores  being  burned  contain  those  metals. 

CONSTRUCTION  OF  GLOVER  TOAVERS. 

Nearly  all  Glover  towers  have  an  outer  shell  of  lead,  provided 
with  an  acid-proof  stone,  "  volvic  lava,"  or  brick  lining,  and  packed 
with  pure  massive  quartz  or  acid-proof  brick  or  tile.  In  plants  re- 
cently constructed  by  the  Chemical  Construction  Co.  or  the  Process 
Construction  Co.  the  lead  shell  has  been  eliminated  and  the  towers 
are  built  entirely  of  chemical  brick  laid  in  an  acid-proof  cement. 

The  size  and  shape  of  Glover  towers  vary  greatly.  There  are  cir- 
cular, square,  rectangular,  and  octagonal  shaped  towers,  varying  in 
height  from  15  to  60  feet  and  in  area  of  external  cross  section  from 
25  to  700  square  feet.  It  is  claimed  by  many  acid  men  that  at  an 
average  plant  the  height  of  the  tower  should  not  exceed  25  feet,  of 
which  not  more  than  18  feet  is  filled  with  packing,  and  that  the  size 
should  be  a  matter  of  variation  in  cross  section  rather  than  in  height. 
The  tower  is  designed  to  meet  the  demands  made  upon  it,  in  any 
event  being  so  proportioned  as  to  absorb  in  concentration  nearly  all 
or  all  of  the  heat  in  the  gases.  Thus,  the  height  and  area  should  be 
determined  largely  by  the  nature  of  the  raw  materials  to  be  burned, 
the  possible  heat  loss  between  burner  and  tower,  and  the  effective 
scrubbing  surface  afforded  by  the  packing  medium.  While  there  is  a 
tendency  to  build  higher  towers  in  order  to  utilize  as  far  as  possible 
the  heat  of  the  gases,  and  thus  get  good  denitration  and  efficient  con- 
centration, yet  unduly  high  towers  tend  to  increase  condensation  in 
the  upper  part,  and  thus  the  net  result  is  to  reduce  the  effectiveness 
of  the  tower  as  a  concentrator. 

As  to  the  shape  of  the  tower,  some  constructors  prefer  one  form, 
some  another.  For  a  unit  weight  of  lead,  acid-proof  brick  wall,  and 
tower  lining  the  circular  tower  has  a  greater  surface  area  for  scrub- 
bing or  absorption  than  the  square  or  rectangular  tower,  and  there 
are  no  dead  corners,  etc.  With  proper  gas  and  acid  distribution,  the 
efficiency  of  the  towers  of  different  shapes  per  unit  of  packed  volume 
does  not  vary  greatly.  For  lining  round  towers  special  radial  brick 
are  required,  and  these  are  more  expensive  to  make  and  to  lay  than 
the  square  brick.  A  tower  of  square,  rectangular,  or  even  octagonal 
section  is  much  easier  to  construct  than  a  round  tower,  especially  if 
the  tower  is  to  be  built  of  acid-proof  brick. 

In  designing  a  Glover  tower  it  is  necessary  to  provide  for  the 
severe  duty  the  tower  is  called  upon  to  perform.     Part  of  the  tower 


86  MANUFACTURE   OF   SULPHURIC  ACID. 

is  in  contact  both  with  gases  having  a  tempera i lire  ranging  up  to 
ibly  500°  C.  and  with  sulphuric  acid  having  a  strength  ranging 
up  to  60°  B.  or  even  66°  B.  In  other  parts  of  the  tower  are  present 
nitrogen  oxides,  sulphur  dioxide,  sulphuric  a'id,  and  steam.  Thus,  if 
chemical  brick  or  tile  are  used  for  lining  or  for  packing,  they  must 
be  of  the  best  selected  quality. 

When  lead  is  used  for  the  tower  outer  walls,  as  has  been  the  usual 
construction,  it  is  customary  to  make  the  top  and  sides  of  16-pound 
lead  and  the  bottom  of  even  heavier  lead.  The  tower  should  be 
built  on  a  firm  masonry  foundation  which  is  covered  with  a  thin 
layer  of  pitch  and  sulphur  melted  together  and  further  protected 
by  the  acid  pan  of  lead.  Some  designers  attempt  to  cool  the  under- 
side of  the  tower  bottom  by  introducing  air  channels  or  by  having 
water  circulate  around  the  pan. 

The  framework  for  the  towers  may  be  of  wood  or  steel.  Wooden 
frames  are  still  common,  though  steel  is  usually  preferred,  especially 
Avhen  the  towers  are  built  of  acid-proof  brick. 

It  is  customary  to  provide  a  fairly  thick  lining  to  conserve  the 
heat.  In  the  lead  towers  the  usual  method  is  to  make  the  lining  at 
the  bottom  18  inches  to  24  inches  thick  up  to  a  point  above  the  top 
of  the  gas  inlet.  Above  this  point  the  thickness  is  then  reduced, 
leaving  a  shelf  6  inches  to  9  inches  wide,  which  extends  around  the 
tower.  Resting  partly  upon  this  shelf  and  partly  upon  several  piers 
or  arched  walls,  which  are  carried  up  to  the  same  height,  is  the  grid 
that  supports  the  tower  packing.  Below  this  "  grid  "  or  "  grill "  is  a 
chamber  of  considerable  size,  the  walls  or  piers  supporting  the  grid 
being  so  arranged  that  their  presence  does  not  obstruct  the  passage  of 
the  gases  but  tend  to  distribute  the  gases  evenly  over  the  entire 
bottom  of  the  tower. 

The  grid  may  be  of  deep,  narrow  beams  of  "  volvic  lava  "  or  of 
acid-proof  stoneware.  The  spaces  between  the  ends  of  the  grid 
beams  should  then  be  filled  with  lining  brick  to  prevent  the  beams 
from  falling  over  sidewise. 

The  repacking  of  a  Glover  tower  is  an  expensive  operation  and 
great  care  should  be  exercised  in  the  selection  of  the  material  going 
into  the  tower  and  also  in  the  manner  of  placing  the  grid  and  the 
tower  packing. 

Various  methods  have  been  employed  for  packing  towers,  and  it 
is  not  thought  desirable  in  this  paper  to  discuss  the  methods  in  any 
detail.  Unless  the  design  and  construction  of  a  tower  can  be  based 
upon  satisfactory  actual  experience,  it  is  best  to  employ  an  expert 
to  lay  out  the  tower.  This  remark,  of  course,  also  applies  to  the  de 
sign  and  construction  of  the  whole  acid  plant.  A  tower  too  tightly 
packed  otters  too  great  a  resistance  to  the  passage  of  the  gases,  which 
causes  the  gases  to  travel  through  the  spaces  at  too  high  a  velocity 
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and  b&o  results  in  an  unduly  High  cost  of  power  for  pulling  or  driv- 
ing the  gases  through  it.  A  tower  too  loosely  packed  is  as  objection- 
able as  one  too  tightly  packed,  for  although  the  velocity  of  the  g&Ses 
is  reduced,  the  descent  of  the  acid  is  accelerated  and  the  necessary 
length  of  time  for  the  reactions,  etc.,  is  not  given. 

For  the  packing  material,  flint  or  massive  quartz  formerly  were 
used  exclusive!}'.  The  quartz  to  be  entirely  satisfactory  must  be  free 
from  cleavage  lines  and  contain  no  admixture  of  schists  or  foreign 
matter.  Acid-proof  brick  is  now  being  made  which  lasts  almost  in- 
definitely, except  where  the  ore,  which  is  burned  to  produce  the  acid, 
contains  fluorite.  The  hydrofluoric  acid  or  fluorine  produced  decom- 
poses the  brick.  One  instance  is  recorded  where  the  Glover  tower 
packing  was  rendered  valueless  within  two  years  by  the  presence  of 
fluorite  in  the  ore  used.  Frequently  the  towers  are  packed  partly 
with  chemical  brick  and  partly  with  quartz — say  the  lower  three- 
fourths  of  brick  and  the.  upper  one-fourth  of  quartz. 

A  typical  modern  Glover  tower  is  that  designed  by  the  Process 
Engineering  Co.  and  built  by  the  Calumet  &  Arizona  Mining  Co.,  at 
Douglas,  Ariz.  The  chamber  plant  has  a  capacity  of  -210  tons  of 
60°  B.  acid  per  day.  The  Glover  tower  (fig.  4)  is  octagonal,  22  feet 
2  inches  in  diameter  by  56  feet  high.  It  has  a  steel  frame  holding 
the  walls,  which  are  built  of  duro  brick  laid  in  "  dura  "  cement, 
containing  about  96  per  cent  silica-  mixed  with  sodium  silicate  as 
a  binder.  The  tower  is  packed  with  duro  tile,  14  by  6  by  12 
inches,  laid  in  checker  formation.  The  tiles  are  so  laid  as  to  be 
self-supporting  and  thus  exert  no  thrust  upon  the  walls,  as  when 
quartz  packing  is  employed.  This  acid  resistant  "  duro  tile  "  is  made 
by  the  Harbison  Walker  Refractories  Co. 

Another  modern  form  of  Glover  tower  packing  is  the  "  chemico  " 
ring,  made  by  the  B.  Mifflin  Hood  Brick  Co.,  of  Atlanta,  Ga.,  under 
a  license  by  the  Chemical  Construction  Co.  These  rings  are 
made  in  3-inch  and  6-inch  sizes.  The  ring  (see  PI.  II,  B,  p.  61) 
contains  in  the  interior  a  ribbon-like  spiral  winding  from  top  to 
bottom,  all  made  in  one  piece  of  chemical  stoneware. 

With  a  tower  25  feet  high  the  actual  packing  will  not  exceed  16 
feet  in  height — 12  feet  of  checkered  brickwork  and  4  feet  of  quartz. 
If  brick  is  used,  the  brick  should  be  placed  on  edge,  forming  spaces 
say  4  by  4  inches.  The  actual  packing  space  usually  allowed  per  ton 
of  sulphur  burned  daily  is  200  to  300  cubic  feet. 

The  top  of  the  tower  is  of  lead,  or  in  the  towers  constructed  of 
acid-proof  brick  the  tops  also  are  of  brick.  The  top  plate  is  not  so 
subject  to  heavy  wear  and  tear  because  it  is  largely  cooled  by  the  in- 
coming acids,  and,  being  somewhat  above  the  outlet  from  the  tower, 
is  at  the  top  of  a  dead  space. 
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Various  schemes  are  in  use  for  distributing  the  nitrous  vitrol  or 
weak  chamber  acid  through  the  top  of  the  Glover  tower  onto  the 
packing.     The  most  common  is  to  provide  small  depressions  or  cups 
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Figure  5. — Outline  sketch  of  Glover  tower.     (By  courtesy 
of  Mining  and   Scientific  Press.) 

all  over  the  top,  each  cup  being  oval  and  divided  by  a  partition  into 
two  equal  acid-receiving  cups.  At  the  bottom  of  each  of  these  half 
cups  a  small  pipe  extends  down  into  the  tower  a  few  inches,  and 
up  into  the  half  cup  2  to  5  inches.    Lead  thimbles  inverted  over  the 
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COOLING  TOWERS  AT  PLANT  OF    CALUMET  &  ARIZONA   MINING  CO. 
(By  courtesy  of  the  Mining  and  Scientific  Press.) 


EQUIPMENT  AND    METHODS    USED   IN    MANUFACTURE.  89 

upstanding:  pipes  complete  the  liquid  lutes.  As  the  acid  runs  from 
distributing  pipes  into  the  depression  it  fills  the  depression  until  it 
overflows  down  the  upstanding  pipe  into  the  tower. 

In  many  plants  lead  pipes  emanate  from  a  trough  or  series  of 
troughs  placed  on  top  of  the  tower,  and  the  acid  is  carried  directly  by 
these  pipes  through  the  top  and  falls  on  the  tower  packing. 

COOLING   TOWERS   BETWEEN   GLOVER    TOWERS   AND    CHAMBERS. 

At  plants  equipped  with  low  Glover  towers,  or  where  the  tempera- 
ture of  the  gases  going  to  the  tower  is  so  high  that  the  gases  issue  hot 
from  the  top  of  the  tower,  it  is  necessary  to  cool  the  gases  before  they 
are  admitted  to  the  chambers.  Cooling  towers  vary  widely  in  size 
and  shape,  material  used,  and  other  features.  The  cooling  towers 
(PI.  VI)  designed  and  constructed  by  the  Process  Engineering 
Co.  at  the  plant  of  the  Calumet  &  Arizona  Mining  Co.,  may  be 
mentioned  as  satisfactory  modern  coolers.  The  towers  are  41  feet 
high  and  17£  feet  in  diameter  and  are  built  of  lead  sustained  by  a 
steel  frame.  The  gas  enters  at  the  bottom  and  leaves  at  the  top,  both 
inflow  and  outflow  pipes  being  connected  tangentically  so  as  to  induce 
a  spiral  motion  to  the  gases.  It  is  claimed  that  this  motion  drives 
the  gases  toward  the  periphery,  and  facilitates  radiation  of  heat 
through  the  lead  walls. 

CHAMBERS. 

The  gases  leaving  the  Glover  towers  or  cooling  towers  consists 
principally  of  sulphur  dioxide,  with  a  large  percentage  of  sulphur 
trioxide.  nitrous  oxide,  oxygen,  nitrogen,  and  water  vapor.  Usually, 
if  the  Glover  tower  has  been  functioning  property,  the  gas  contains 
sufficient  water  vapor  to  carry  on  the  process  for  a  considerable  dis- 
tance in  the  chambers.    The  functions  of  the  chambers  are : 

(1)  To  afford  space  in  which  the  gases  may  mix  and  the  various 
chemical  reactions  take  place  by  which  sulphur  dioxide  is  converted 
into  dilute  sulphuric  acid.  These  reactions  have  been  discussed  in  a 
preceding  paragraph. 

(2)  To  radiate  the  heat  produced  by  the  chemical  reactions. 

(3)  To  afford  surfaces  to  facilitate  condensation  of  the  sulphuric 
acid  as  it  is  formed. 

In  carrying  out  these  functions  of  the  chamber,  it  is  necessary  to 
add  water  vapor  in  addition  to  that  present  in  the  gases  coming  from 
the  Glover  tower. 

The  efficiency  of  a  lead  chamber  plant  is  measured  by  (1)  the 
amount  of  chamber  space  required  for  each  unit  of  sulphur  burned 
per  unit  of  time,  usually  expressed  as  cubic  feet  of  space  per  pound 
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of  sulphur  per  24  hoars,  (2)  the  amount  of  acid  made  per  unit  of 
sulphur  burned,  and  (3)  the  consumption  of  nitrate  of  soda,. 

It  is  generally  agreed  that,  provided  the  gases  are  present  in  the 
proper  proportions,  the  two  most  important  conditions  necessary  for 
efficient  production  are  (1)  thorough  mixing  of  the  gases  and  (2)  per- 
fect control  of  temperature. 

The  necessity  of  thorough  mixing  of  the  gases  is  evident,  as  inti- 
mate contact  of  the  reacting  substances  with  each  other  is  essential 
for  complete  reactions.  In  making  acid  too  low  a  temperature 
lessens  the  activity  of  the  gases,  whereas  a  temperature  above  100°  C. 
prevents  the  condensation  of  water  necessary  for  the  completion  of 
the  reactions. 

In  earlier  days  the  chamber  space  consisted  of  a  single  long  horizon- 
tal chamber,  and  the  reactions  were  all  completed  in  this  chamber. 
The  space  required  for  the  completion  of  the  reactions  in  the  single- 
chamber  system,  however,  was  excessive,  and  gradually  series  of 
smaller  chambers  were  substituted. 

As  the  sizes  of  the  plants  were  gradually  increased  and  the  number 
of  chambers  at  a  plant  was  increased  considerable  attention  was  given 
to  the  subdivision  of  the  total  chamber  space  in  such  a  way  as  to 
increase  its  efficiency.  F.  J.  Falding,  one  of  the  leading  experts  in 
acid  manufacture  during  the  period  of  rapid  growth  of  the  industry 
in  the  South,  advocates  that  if  the  cubic  capacity  of  the  plant  is  large, 
the  proper  method  of  design  was  to  proportion  that  space  between, 
say,  three  or  more  chambers,  having  the  proportion  between  cham- 
bers 1,  2,  and  3  as  4 : 2 : 1.  Falding  also  advocated  chambers  of  excep- 
tional height,  which  type  of  chambers  will  be  discussed  later. 

In  modern  construction  of  the  ordinary  horizontal  type  of  chamber 
plant  it  is  customary  to  build  the  chambers  of  a  plant  with  approxi- 
mately equal  capacity,  even  when  the  plant  is  very  large.  The  height 
is  rarely  more  than  40  feet  or  the  width  more  than  60  feet,  but  the 
length  may  vary  from  50  to  236  feet.  The  latest  chambers  of  the 
Tennessee  Copper  Co.  are  236  feet  long.  In  any  given  set  of  ordi- 
nary horizontal  chambers  it  is  rarely  advisable  to  vary  the  sectional 
area,  and  this  seldom  can  be  done  with  saving  of  ground  space,  labor, 
or  building  economy.  The  sectional  area  employed  is  usually  deter- 
mined by  the  structural  and  economic  conditions  at  the  plants.  In 
general,  the  cheapest  sectional  area,  other  factors  being  the  same,  is 
that  which  will  give  the  least  area  of  lead  surface  with  the  greatest 
cubic  capacity.  However,  as  the  smaller  lead  surface  area  reduce- 
the  radiating  capacity  of  the  chambers,  the  saving  in  chamber  con- 
struction may  be  offset  by  the  necessity  of  providing  extra  cooling 
towers  between  chambers.  Recent  data  collected  from  a  number  of 
plants  having  the  ordinary  horizontal  rectangular  chambers  in  dif- 
ferent sizes,  from  15  to  45  feet  in  height,  from  20  to  60  feet  in  width, 
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and  from  50  to  230  feet  long,  showed  a  variation  from  8.5  to  20 
cubic  feet  in  the  chamber  space  required  per  pound  of  sulphur  burned 
per  day.  Most  plants  that  were  seemingly  operated  with  fair  effi- 
ciency, and  were  burning  high-sulphur  pyrite  or  brimstone,  were  using 
1 1  to  13  cubic  feet  of  chamber  space.  A  few  plants  were  using 
1-  than  10  cubic  feet,  and  several  especially  well  operated  plants 
using  brimstone  were  using  less  than  9  cubic  feet  of  chamber  space. 
Maaay  plants  treating  waste  gases  at  zinc  or  copper  plants  were  so 
handicapped  by  the  fluctuations  in  gas  concentration  and  by  the  aver- 
age low  concentrations  that  a  much  greater  chamber  space  was 
required.  At  zinc  plants  during  the  war  much  higher  chamber  effi- 
ciencies were  obtained  by  burning  brimstone  in  conjunction  with  the 
zinc  ore,  so  that  the  gas  concentrations  were  higher  and  the  per- 
centage fluctuations  much  less. 

With  the  ordinary  type  of  plant,  the  yield  of  sulphuric  acid  is 
usually  about  4.05  tons  of  50°  B.  acid  per  ton  of  sulphur  burned,  as 
against  a  theoretical  yield  of  4.92  tons  per  ton  of  sulphur  burned. 
Thus,  the  ordinary  type  of  chamber  plant  has  an  average  efficiency 
of  about  94.6  per  cent.  Some  of  the  ordinary  plants,  however,  have 
made  for  long  periods  as  much  as  4.8  tons  52°  B.  acid  per  ton  of 
sulphur  burned  or  97.6  per  cent  of  the  production  theoretically  pos- 
sible. 

Practically  all  the  active  work  of  an  ordinary  horizontal  chamber 
is  performed  within  the  first  30  per  cent  of  its  chamber  space.  The 
remainder  of  the  chamber  is  relatively  much  less  efficient  unless  spe- 
cial means  are  employed  to  mix  the  gases  vigorously  and  permit  con- 
densation of  the  vapors  or  mist. 

There  have  been  many  modifications  of  the  ordinary  type  of  cham- 
ber plant,  involving  changes  in  the  design  of  the  chambers  and  also 
changes  outside  the  chambers  in  the  form  of  cooling  towers,  "  con- 
verters," intensifiers,  and  other  apparatus,  all  designed  to  provide 
more  efficient  cooling  and  mixing  of  the  gases.  Before  passing  to  a 
description  of  these,  however,  it  will  be  well  to  discuss  a  few  of  the 
more  important  features  involved  in  the  operation  of  the  ordinary 
chambers,  as  many  of  these  considerations  are  applicable  to  all  types 
of  chamber  plants. 

IMPORTANT   FEATURES    OF  OPERATION. 
ADDITION   OF   WATER. 

The  water  vapor  coming  over  with  the  gases  to  the  chambers  from 
the  Glover  tower  is  usually  sufficient  to  carry  on  the  process  in  the 
first  part  of  the  chamber.  From  then  on,  more  water  vapor  must  be 
added  to  maintain  the  process.    Formerly,  the  supply  of  water  vapor 
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to  the  chambers  was  almost  universally  in  the  form  of  steam  at  low 
pressure,  the  steam  being  admitted  through  the  roof  of  the  cham- 
bers. In  some  more  recent  installations,  the  water  is  added  to  the 
front  chambers  as  spray  and  to  the  rear  chambers  as  steam.  Some 
plants  use  only  water.  In  a  plant  of  recent  construction,  where  there 
are  six  chambers,  each  143  feet  long,  59  feet  wide,  and  41  feet  high, 
with  cooling  towers  between  the  chambers,  the  total  capacity  of  the 
chambers  and  intermediate  cooling  towers  being  about  2,155,000 
cubic  feet,  the  water  is  added  through  Schutte  &  Koerting  platinum- 
tipped  sprays  as  a  very  fine  mist'.  The  first  chamber  of  this  installa- 
tion is  provided  with  12  jets,  each  spraying  24  gallons  per  hour;  the 
second  chamber  has  24,  the  third  has  28,  and  the  fourth  has  24  jets, 
each  of  these  spraying  5  gallons  per  hour;  the  fifth  has  20,  and  the 
sixth  has  12  jets,  each  delivering  24  gallons  per  hour.  The  interme- 
diate cooling  towers  also  have  one  jet  each,  spraying  24  gallons  per 
hour. 

At  the  large  chamber  plant  of  the  Tennessee  Copper  Co.,  where 
an  enormous  number  of  low-capacity  sprayers  would  have  been  re- 
quired to  supply  the  quantity  of  water  needed  for  the  large-scale 
operations,  a  special  atomizer  has  been  developed  which  is  capable 
of  atomizing  as  much  as  50  gallons  of  water  per  hour.  By  the  use 
of  this  atomizer,  water  spray  has  been  substituted  for  steam  in  most 
of  the  chambers.  A  new  spray  (U.  S.  patent  No.  1099028),  manu- 
factured by  the  Monarch  Manufacturing  "Works,  Philadelphia,  Pa.,  is 
now  on  the  market. 

The  advantage  of  water  sprays  over  steam  lies  principally  in  a 
saving  of  coal  and  lower  temperatures  in  the  chambers,  which  results 
in  a  considerable  saving  in  chamber  space. 

The  water  used  in  the  sprays  must  be  well  filtered  in  a  general 
filter,  and  in  addition  a  small  lead  strainer  provided  with  the  finest 
mesh  wire  gauze  should  be  inserted  in  the  water-supply  line  next  to 
the  spray  nozzle. 

For  a  given  charge  of  sulphur  producing  a  constant  supply  of  gas 
of  uniform  sulphur  dioxide  content,  with  a  Glover  tower  supplied 
with  a  steady  stream  of  nitrous  vitriol  and  nitric  acid,  a  constant  sup- 
ply of  water  vapor  to  the  chambers  will  be  required.  Therefore, 
after  the  steam  or  water  supply  is  once  regulated  and  means  are 
taken  to  insure  its  admission  at  a  uniform  rate,  no  change  should  be 
required  until  something  goes  wrong,  when  the  cause  for  the  change 
must  be  determined  and  rectified. 

STEENGTH    OF   ACID    DRIPS. 

The  addition  of  water  vapor  is  generally  governed  by  the  strength 
of  the  acid  in  the  "drip  cup"  (fig.  6).     Usually  the  drip  cup  is  a 
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small  trough  or  saucer,  a,  burnt  on  the  inner  surface  of  the  lead  cur- 
tain or  side  wall  of  the  chamber,  and  communicating  with  the  out- 
side by  a  pipe,  b,  bent  to  make  a  seal.  This  trough  collects  the  acid 
as  it  drips  down  on  the  surface  of  the  lead  above  the  cup;  the  acid 
thus  collected  drains  through  the  seal  into  a  small  jar.  c,  provided 
with  a  hydrometer.  Table  drips  are  also  occasionally  used,  consist- 
ing of  lead  pans  set  well  within  the  chamber  and  away  from  the  side 
and  connected  by  means  of  a  lead  pipe  with  the  exterior  of  the 
chamber,  similarly  to  curtain  drips. 

The  acid  collected  by  the  curtain  drips  is  usually  3°  or  5°  B. 
weaker  than  that  collected  in  the  table  drips.  The  lead  walls,  owing 
to  the  radiation  of  heat  from  them,  are  cooler 
than  the  interior  of  the  chamber,  and  therefore 
more  water  condenses  there  than  in  the  interior, 
thus  making  the  acid  at  the  walls  weaker  than  in 
the  interior. 

The  strength  of  -the  acid  in  the  drips  varies 
considerably  at  different  plants,  and  the  relation 
of  the  strength  in  the  drips  to  the  strength  of  the 
acid  actually  falling  over  the  chamber  bottom 
should  be  known  at  each  plant  and  at  each  cham- 
ber. It  is  evident  that  the  absolute  strength  of 
the  drip  is  not  so  important  as  is  the  variation 
of  strength  from  day  to  day  and  from  the  first 
chamber  to  the  last.  A  curtain-drip  strength  of, 
say,  50°  B.  means  nothing  unless  from  experi- 
ence and  frequent  tests  it  is  known  that  this 
reading  at  this  special  drip  or  set  of  drips  shows 
that  the  acid  formed  in  the  chamber  in  question 
has  a  certain  relative  strength.  Furthermore,  as 
will  be  shown  later,  drip  strengths  are  of  little 
value  as  an  indicator  of  operations  unless  taken 
in  conjunction  with  chamber-temperature  read- 
ings. 

Within  certain  limits  the  strength  of  the  drips  may  vary  without 
any  serious  consequences.  In  the  first  chamber,  or  rather  in  the 
front  part  of  the  first  chamber,  where  the  water  content  of  the  mix- 
ture is  dependent  largely  upon  the  steam  generated  in  the  Glover 
towers,  the  acid  strength  can  not  be  controlled  closely,  but  the 
strength  seldom  falls  below  52°  B.  If  there  is  a  deficiency  of  water 
in  the  chambers,  and  the  strength  of  the  sulphuric  acid  being  formed 
gets  much  above  52°  B.,  the  sulphuric  acid  begins  to  absorb  nitrous 
acid  in  considerable  quantities.  The  conditions  for  the  formation 
of  sulphuric  acid  in  the  reactions  between  nitrososulphuric  acid  and 
water  are  deteriorated;  thus  with  deficient  moisture,  and  especially 
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receiver. 
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if  the  temperature  falls  too  low,  the  nitrososulphurie  acid  may  sepa- 
rate as  crystals,  which  deposit  at  various  points  on  the  walls  as 
"chamber  crystal."1  When  steam  or  water  comes  in  contact  with 
the  crystallized  nitrososulphurie  acid  it  decomposes  into  sulphuric 
acid,  nitric  oxide,  and  nitrogen  peroxide  (N,04)  according  to  the 
equation  4S02(0  H)(0  NO)+2H20=4H2S64+N204+2NO.  The 
N204  unites  with  H20  to  form  nitrous  acid  (HX02)  and  nitric  acid 
(HXO,)  directly  on  the  walls,  corroding  the  lead  at  the  point  where 
the  crystals  were  attached. 

If  too  much  water  is  present  and  the  acid  becomes  sufficiently 
"weak  to  permit  the  formation  of  nitric  acid  in  the  chambers  (by  the 
reaction  2NO+30+N20=2HNOs;  or  N203+20+H20=2HXOs) 
there  results  a  loss  of  niter  into  the  chamber  acid  and  also  serious 
corrosion  of  the  lead  walls  of  the  chamber.  This  conditions  is  shown 
by  the  paling  of  the  color  of  the  gases  in  the  chamber. 

A  rough  indication  as  to  the  moisture  condition  in  the  chamber  is 
obtained  by  the  appearance  of  bell  jars  covering  small  openings  in 
the  chamber.  A  white  crystalline  covering  of  u  chamber  crystal " 
which  turns  green  when  moistened  indicates  a  deficiency  of  moisture. 
Dripping  moisture  on  the  glass  jars  indicates  too  much  water. 

The  acid  formed  in  the  chambers  should  not  be  weaker  than  4>5 °  B. 
and  should  not  be  stronger  than  54°  or  55°  B.  In  common  practice 
the  strength  is  usually  about  52°  to  54°  B.  The  strength  of  acid  iu 
the  back  chambers  is  somewhat  less  than  in  the  first,  but  even  in  the 
last  chamber  should  not  be  less  than  45 3  B. 

TEMPERATURE  CONTROL. 

The  reactions  taking  place  in  the  chamber  generate  large  quantities 
of  heat,  and  this  affects  the  temperature  of  the  gases  in  the  chamber 
more  than  any  other  factor.  As  a  general  rule  the  more  rapidly  the 
heat  is  carried  away  the  better  both  for  the  process  and  for  prevent- 
ing corrosion  of  the  lead.  In  the  ordinary  horizontal  chambers 
whatever  cooling  is  done  is  by  radiation  from  the  surface  of  the  lead, 
unless  cooling  towers  are  interposed  between  the  chambers.  Cooling 
is  very  important  and  the  proper  relation  between  the  cooling  surface 
and  the  chamber  capacity  should  be  maintained.  As  a  rule,  every 
effort  is  made  to  facilitate  radiation  from  the  chambers.  All  chances 
for  air  to  circulate  around  the  chambers  are  usually  given,  and  the 
outside  of  the  lead  is  kept  free  from  nonconducting  surfaces.  Many 
devices  have  been  employed,  some  of  which  are  described  elsewhere 
in  this  paper,  to  dissipate  the  heat  rapidly  and  thus  also  to  increase 
the  rapidity  of  the  condensation  of  sulphuric  acid  mist. 

The  temperature  of  the  gases  in  a  chamber  is  a  sensitive  and  re- 
liable index  of  the  activity  of  the  process  going  on  in  the  chamber. 
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A  slight  variation,  ev«H  less  than  ?>°  C,  in  the  temperature  difference 
between  two  points  in  the  chamber  at  some  distance  apart  indicates 
a  change  of  conditions  which  may  lead  to  trouble,  such  as  a  variation 
in  the  sulphur  dioxide  concentration,  a  variation  in  the  strength  or 
quantity  of  the  fresh  niter  supply,  or  nitrous  vitriol,  to  the  Glover 
towers,  or  fluctuation  in  the  pressure  of  the  steam  or  in  the  quantity 
of  water  being  used.  If  the  chambers  are  supplied  with  a  gas  con- 
taining a  constant  percentage  of  sulphur  dioxide,  nitrous  oxides,  and 
a  sufficient  and  constant  supply  of  steam  or  water,  the  process  will 
remain  constant  and  regular,  as  will  be  shown  by  the  drips,  color  of 
the  gas,  and  more  than  by  any  other  way,  by  the  temperature  readings 
in  each  chamber.  The  gases  usually  enter  the  first  chamber  at  about 
90°  C.  and  grow  cooler  as  they  pass  through  the  succeeding  chambers, 
leaving  the  last  chamber  at  a  temperature  of  not  more  than  30°  to  45° 
C,  according  to  the  outside  temperature.  The  temperature  of  every 
chamber  diminishes  from  front  to  back,  and,  as  stated  above,  the 
difference  in  the  normal  process  ought  to  be  constant. 

NITER  SUPPLY. 

The  percentage  of  niter  or  nitrogen  oxides  in  the  gases  has  great 
influence  on  the  temperature  without  necessarily  affecting  the  yield 
of  acid  or  the  consumption  of  niter.  The  simplest  indication  of 
niter  conditions  is  the  color  of  the  gases.  Thus,  sight  holes  are  pro- 
vided at  convenient  heights  in  the  chamber  walls  and  in  the  exit  pipe 
from  the  last  chamber  for  observing  the  color  of  the  gases.  In  the 
first  part  of  the  process  the  presence  of  a  relatively  large  proportion 
of  sulphuric  acid  mist  prevents  any  color  being  observed.  In  fact, 
the  presence  of  sulphur  dioxide  prevents  the  formation  in  any  im- 
portant amount  of  oxides  of  nitrogen  other  than  the  nitric  oxides. 
As  the  gases  progress  through  the  chambers,  the  amount  of  reacting 
sulphur  dioxide,  and  therefore  of  sulphuric  acid  mist,  decreases, 
the  greater  proportion  of  the  higher  nitrogen  oxides  begins  to  color 
the  gases  a  more  or  less  reddish  yellow.  Before  the  gases  pass  from 
the  chambers  into  the  Gay-Lussac  tower  the  red  oxide  (N204)  is 
present  in  sufficient  proportion  to  give  a  dark  reddish  color  to  the 
gases. 

The  supply  of  niter  to  the  process — that  is,  the  amount  of  nitrous 
acid  in  the  chambers — may  vary  considerably  without  serious  re- 
sults. However,  there  are  limits,  both  in  regard  to  an  over  supply 
as  well  as  to  an  inadequate  supply.  If  too  much  niter  is  supplied 
the  temperature  rises  too  much,  the  chamber  lead  is  acted  upon  and 
there  is  usually  an  unduly  high  loss  through  the  Gay-Lussac  towers. 
An  excess  of  niter  is  evidenced  by  the  chamber  gases  being  too  dark, 
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by  the  presence  of  much  nitrous  acid  in  the  chamber  acid,  and  by  the 
presence  of  nitric  acid  in  the  Gay-Lussac  tower  acid. 

A  deficiency  of  niter  is  more  objectionable  than  an  excess,  by  slow- 
ing down  the  reactions,  causing  a  loss  of  sulphur  dioxide  and  con- 
sequent decrease  in  production.  This  condition  also  causes  loss  of 
nitric  oxide  and  nitrous  oxide  to  the  Gay-Lussac  towers  where  these 
are  not  recovered.  The  result  is  an  unduly  large  loss  of  niter  from 
the  system,  to  which  is  also  added  the  loss  of  niter  from  the  decom- 
position of  nitrous  vitriol  in  the  Gay-Lussac  tower  by  the  sulphur 
dioxide.  The  deficiency  is  indicated  by  the  paleness  of  the  gases  at 
the  end  of  the  chamber,  the  decreasing  strength  of  the  Gay-Lussac 
tower  acid,  and  by  a  decrease  in  quantity  or  strength  of  drips.  Red 
fumes  of  X204  in  the  Gay-Lussac  stack,  due  to  the  decomposition  of 
nitrous  vitriol  by  the  sulphur  dioxide,  may  also  indicate  a  deficiency 
of  niter. 

A  method  commonly  employed  for  determining  the  niter  condi- 
tions in  the  chambers  is  by  determining  the  nitrosity  of  the  chamber 
acid.  An  accurate  quantitative  determination  of  the  nitrogen  oxides 
and  nitric  acid  can  not  be  made  readily,  but  a  simple  and  quickly 
made  colorimetrical  te>t  with  ferrous  sulphate  is  satisfactory  for  the 
purpose.  Briefly  described,  the  method  is  as  follows:  A  sample  oi 
drip  or  chamber  acid  is  obtained  in  a  test  tube  and  a  solution  of 
ferrous  sulphate  is  poured  in  carefully  so  that  the  liquids  are  not 
mixed.  If  traces  of  the  higher  nitrogen  oxides  are  present,  a  yellow 
ring  is  formed  at  the  point  of  contact.  The  ring  i--  darker  and  darker 
as  the  proportion  of  nitrogen  oxides  is  greater  until  it  becomes  a 
dee})  brown  or  black.  By  practice  and  experience  it  is  possible  to 
get  a  fair  idea  of  the  niter  conditions  in  the  chamber  by  this  test, 
in  connection  with  the  color  of  the  chamber  gas  as  observed  through 
the  windows. 

As  the  nitrate  of  soda  is  the  largest  single  item  of  expense  in  oper- 
ating a  chamber  plant,  much  effort  is  directed  toward  the  conserva- 
tion and  recovery  of  the  nitrogen  oxides.  To  this  end  the  Gay-Lus- 
sac towers  are  used.  However,  even  with  the  best  types  and  method 
of  operation  of  the  Gay-Lussac  towers  for  the  recovery  of  these 
oxides,  the  efficiency  of  the  towers  largely  depends  upon  the  proper 
regulation  of  the  water  supply  to  the  chambers,  upon  the  efficient 
cooling  of  the  gases  in  the  chambers,  and  upon  the  careful  intro- 
duction of  just  enough  niter  for  the  oxidation  of  the  sulphur  dioxide 
admitted  to  the  chambers. 

When  the  loss  of  niter  is  supplied  by  the  Glover  towers  and  by 
adding  nitric  acid  or  a  prepared  nitro-sulphuric  acid  mixture,  such 
careful  introduction  of  the  amount  of  niter  is  possible.  "When  the 
niter  is  supplied  by  the  more  or  less  intermittent  method  of  "  pot- 
ting" the  nitrate,  there  will  be  intermittent  advance  and  retreat  of 
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the  active  zones  of  chemical  action.  In  most  plants,  unless  the  niter 
feed  varies  widely,  the  chamber  system  is  usually  large  enough  to 
compensate  for  these  variations  and  prevent  the  entry  of  sulphur 
dioxide  into  the  Gay-Lussac  tower. 

CONTROL  METHODS  USED  WHERE  GASES  ARE  OF  VARIABLE  COMPOSITION. 

As  previously  stated,  the  well-known  and  routine  methods  of  con- 
trolling the  process  are  based  upon  (1)  observing  the  strength  of 
the  acid  in  the  drips  and  the  comparative  nitrosity  of  the  acid; 
(•_')  observing  the  difference  in  temperature  at  different  parts  of  the 
chamber  system  and  learning  by  experience  what  differences  will 
yield  the  best  results  and  bring  about  the  best  recoveries  of  nitrogen 
oxides  in  the  Gay-Lussac  tower,  and  (3)  by  observing  the  color  of 
the  gases  in  the  chambers,  or  connecting  flues,  by  means  of  "  win- 
dows "  or  sights.  These  methods  are  satisfactory  as  long  as  the 
gases  entering  the  Glover  tower  contain  a  substantially  uniform 
percentage  of  sulphur  dioxide.  When  the  gas  concentration  is  liable 
to  vary  widely,  as  in  plants  manufacturing  acid  as  a  by-product  of 
zinc  or  copper  smelting  operations,  this  method  of  control  is  hardly 
adequate  to  yield  the  most  economical  results. 

The  Fairlie  method  of  controlling  the  chamber  process  (U.  S. 
patents  1205723  and  1205724)  involves  the  establishment,  as  a  re- 
sult of  experiment,  of  a  series  of  desirable  ratios  between  the  per- 
centage of  sulphur  dioxide  in  the  gas  entering  the  Glover  tower  and 
the  percentage  of  sulphur  dioxide  in  the  front  chamber,  covering  the 
entire  range  of  sulphur  dioxide  percentages  that  are  likely  to  be  en- 
countered, and  in  maintaining  thereafter  such  desirable  ratios  con- 
stantly by  introducing  the  right  amount  of  nitrate  of  soda  into  the 
system.  Once  determined,  the  desirable  ratios  are  arranged  in  a 
tabular  form,  the  table  being  posted  in  a  convenient  place  for  refer- 
ence by  the  chamber  operator.  An  increase  in  the  sulphur  dioxide 
ratio  above  that  desirable  indicates  the  need  of  more  niter,  whereas 
a  decrease  below  the  desirable  ratio  indicates  that  the  quantity  of 
niter  must  be  reduced.  This  method  has  been  in  use  daily  at  the 
large  acid  plant  of  the  Tennessee  Copper  Co.,  which  has  been  oper- 
ating on  gases  from  copper  blast  furnaces. 

Once  the  regularity  of  operation  in  the  chamber  is  so  greatly  up- 
set that  the  Gay-Lussac  towers  are  not  functioning  properly,  a  cer- 
tain loss  of  niter  and  sulphur  dioxide  is  practically  inevitable.  The 
best  method  of  correcting  the  trouble  is  to  add  sufficient  niter  in  the 
Glover  tower  to  make  up  for  the  decreased  niter  in  the  Gay-Lussac 
tower  acid,  in  order  to  get  things  going  normally  again  at  the  front 
of  the  chamber  system.     Gradually  the  normal  condition  will  be  re- 
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sumed  throughout  the  entire  system  and  the  Gay-Lussac  towers  will 
absorb  the  nitrous  acid  properly,  by  which  time  the  whole  plant  will 
be  back  to  a  normal  basis  of  operation. 

In  order  to  increase  the  rate  of  reaction  in  the  chambers  and  thus 
decrease  the  chamber  space  required,  the  "intensive"  system  has 
been  tried.  This  system  involves  increasing-  the  proportion  of  ni- 
trogen oxides  to  that  of  sulphur  dioxide  in  circulation  and  thereby 
accelerating  the  speed  of  the  initial  reactions.  Intensive  or  high- 
j>ressure  working  leads  to  higher  costs  than  a  normal  rate  of  produc- 
tion, owing  partly  to  the  comparatively  great  wear  and  tear  on  the 
chambers,  and  the  increased  consumption  of  nitric  acid,  hence  can 
not  be  carried  beyond  a  certain  economic  point.  During  the  war 
many  plants  in  this  country  used  this  method  to  increase  the  capac- 
ity of  the  plants.  Plants  ordinarily  operating  with  a  chamber  ca- 
pacity of  12  to  13  cubic  feet  per  pound  of  sulphur  treated  daily  and 
a  niter  consumption  of  3.5  to  4  per  cent,  increased  the  production  by 
decreasing  the  chamber  space  to  9  or  10  cubic  feet  per  pound  of  sul- 
phur, but  at  the  same  time  at  plants  where  the  Gay-Lussac  tower 
capacity  was  not  adequate  for  the  increased  volume  the  niter  loss 
was  increased  to  more  than  4.5  or  5  per  cent.  In  some  plants  the 
wear  and  tear  on  the  chambers  was  evidently  increased,  but  in 
others,  where  sufficient  cooling  surfaces  were  present,  the  increase  in 
depreciation  was  negligible. 

The  division  of  the  initial  voiume  of  gases  to  two  or  more  leading 
chambers  in  parallel  instead  of  in  series  with  a  considerable  reduc- 
tion of  the  secondary  chamber  space,  has  been  efficacious  in  reducing 
to  some  extent  the  total  chamber  space  required.  Such  subdivision 
of  the  gas  can  be  obtained  easily  or  positively  by  the  use  of  fans. 

FUENACE  DRAFT, 

Nothing  has  yet  been  said  in  regard  to  the  draft  on  the  system  and 
the  means  of  moving  the  gases  through  the  chambers  and  other 
apparatus.  In  an  ordinary  small  plant  where  there  is  no  fan  em- 
ployed to  create  the  draft,  the  draft  on  ths  furnaces  is  produced 
(1)  by  the  slight  vacuum  caused  in  the  chambers  and  other  con- 
densing apparatus  by  the  condensation  of  sulphur  dioxide  into  sul- 
phuric acid  and  by  the  contraction  due  to  cooling  of  the  gases,  (2) 
by  the  tendency  of  hot  gases  to  ascend,  and  (3)  by  the  chimney, 
stack,  or  inspirator  placed  at  the  exit,  of  the  system, 

However,  the  working  of  a  plant  on  natural  draft  is  not  satisfac- 
tory, especially  for  a  large  plant,  as  this  form  of  draft  is  dependent 
largely  upon  the.  regular  operation  of  the  plant  and  is  seriously 
affected  by  adverse  and  changeable  meteorological  conditions. 
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A.     FAN   FOR   DISCHARGING  GASES  THROUGH    LEAD   CHAMBER. 


B.     INTERIOR  OF   LEAD  CHAMBER. 


C.     METHOD  OF    HANGING  TOP  SHEETS  OF  LEAD  CHAMBER. 
(By  courtesy  of  the  Mining  and  Scientific  Press.) 
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In  many  plants  a  satisfactory  and  positive  draft  is  maintained 
bv  a  fan  placed  at  the  end  of  the  chamber  system  to  draw  the  gases 
through  the  entire  system,  even  including  the  burners,  and  discharge 
them  through  the  Gay-Lussae  towers.  This  arrangement  is  feasible 
at  a  plant  burning  brimstone  and  where  there  are  few  or  no  inter- 
mediate towers.  With  many  intermediate  towers,  or  with  a  closely- 
Led  Glover  tower,  the  draft  necessary  to  overcome  the  re- 
s stance  caused  by  these  towers  would  be  so  great  that  the  chamber 
■walls  might  be  seriously  collapsed.  Therefore,  in  modern  plants 
there  i>  usually  a  fan  between  the  burner  and  the  Glover  tower  or 
between  the  Glover  tower  and  the  chandlers,  or  the  cooling  towers 
before  the  chambers,  to  draw  the  gases  from  the  burners  through 
the  Glover  tower  and  to  discharge  them  through  the  chambers. 
The  fans  used  for  this  work  are  lead  lined  and  have  hard  lead 
(antimonial  lead)  impellers.  The  vanes  of  the  impellers  (PI.  VII, 
A)  are  attached  to  the  hub  by  cast-lead  arms.  Keyed  to  the  cast- 
lead  hub  there  is  an  inner  hub  of  cast  iron  and  to  this  is  keyed  the 
steel  shaft.  Some  plants  are  provided  with  fans  both  before  and 
after  the  chambers. 

Modern  installations  permit  adjustment  of  the  speed  of  the  fan 
within  fairly  wide  limits  and  thus  afford  control  of  the  draft  on 
the  furnaces  to  give  the  desired  gas  concentration,  etc.  As  stated 
previously,  the  gases  from  a  pyrite  burner  under  good  technical 
control  will  contain  about  7.5  per  cent  sulphur  dioxide  and  about 
9  per  cent  oxygen,  the  rest  being  nitrogen  and  water  vapor;  the 
gases  from  a  brimstone  burner  will  usually  have  a  sulphur  dioxide 
content  of  8.0  to  8.5  per  cent.  Such  a  gas  mixture  will  contain  suf- 
ficient oxygen  to  oxidize  the  sulphur  dioxide  to  sulphur  trioxide  and 
also  provide  the  necessary  excess  of  5  per  cent  oxygen  for  satisfac- 
torily working  the  chambers. 

CHAMBER  CONSTRUCTION. 

As  in  the  last  10  years  several  construction  companies  in  this  coun- 
try have  made  a  specialty  of  chamber-plant  construction  and  have 
developed  special  types  suitable  for  different  conditions  and  locali- 
ties, it  is  not  necessary  in  a  paper  of  this  character  to  discuss  the 
construction  of  the  chambers  beyond  outlining  briefly  some  of  the 
fundamental  principles  that  underlie  all  chamber  construction. 

Chambers  should  always  be  placed  at  some  elevation  above  ground 
level  so  that  the  bottoms  are  accessible  for  cooling  and  for  observa- 
tion to  ascertain  whether  the  chambers  are  tight.  The  chambers 
must  therefore  be  supported  by  piPars,  usually  of  brick  or  cast  iron, 
or,  in  small  plants,  of  wood. 
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The  framework  supporting  and  surrounding  the  lead  walls  of  the 
chambers  should  be  rigid.  Most  of  the  old  chambers  have  a  wooden 
supporting  framework  of  vertical  studding  crowned  with  a  wall 
plate  rounded  on  the  upper  inside  edge  and  beveled  away  outward 
below  the  round.  The  lead  side  curtains  bend  out  over  the  round,  are 
nailed  down  to  the  plate,  and  strapped  to  the  vertical  studding  by 
lead  straps.  Seams  are  generally  run  vertically.  Horizontal  joints 
are  made  so  that  the  upper  sheet  overlaps  the  lower  on  the  inside, 
thus  preventing  leakage.  The  bottom  sheets  are  laid  across  the 
chamber  bottom  and  turn  up  inside  and  over  a  rim  of  side  boarding 
18  inches  to  20  inches  high.  The  side  curtains  usually  are  not  at- 
tached to  the  bottom  sheets,  but  the  bottom  edges  of  the  side  curtains 
are  low  enough  to  dip  into  the  pool  of  acid  maintained  at  the  bottom. 
The  ceiling  lead  is  hung  by  lead  straps  to  beams  laid  above.  The 
ends  of  each  ceiling  extend  out  over  the  side  sheet  and  are  burned 
into  the  side  sheets.  Plate  VII,  B,  shows  an  interior  view  of  a 
lead  chamber. 

Most  constructors  now  prefer  steel  framing  with  the  chamber 
tops  suspended  from  the  roof  of  the  building. 

As  variations  in  temperature  expand  and  contract  the  lead  walls, 
these  should  have  curved  corners  and  movable  attachments  to  the 
framework  to  permit  movement  without  buckling  or  bending  of  the 
sheets,  particularly  at  the  joint. 

For  bottom  sheets,  8-pound  lead  is  most  commonly  used,  the 
edges  being  burned  together.  For  side  walls,  6-pound  lead  is  used. 
The  seams  are  burned  with  the  sheets  lying  flat,  and  the  whole  section 
is  then  raised  into  position  and  the  laps  between  successive  sections 
are  burned  together.  The  top  is  usually  of  6-pound  lead.  The 
method  of  hanging  the  top  sheets  in  a  plant  of  recent  construction  is 
shown  in  figure  7  and  Plate  VII,  C.  Lead  straps  are  burned  upon 
the  6-pound  top  sheets,  and  are  turned  to  form  an  eye  to  receive  a 
^-inch  iron  bar,  on  the  end  of  a  threaded  hanger  with  a  special  nut 
or  washer  resting  on  a  pair  of  adjacent  angle  bars. 

An  average  design  of  chamber  affords  a  radiation  surface  of  10 
to  15  square  feet  per  100  cubic  feet  of  capacity,  but,  of  course,  the 
smaller  the  cross  sections  are  in  proportion  to  the  length,  the  greater 
the  radiation  from  a  chamber.  English  practice  provides  about  20 
square  feet  of  radiating  area  per  100  cubic  feet  of  volume  capacity. 

Flues  for  connecting  chambers  one  with  another,  or  for  connect- 
ing chambers  to  an  intermediate  tower,  may  be  circular  or  rectangular 
in  cross  section,  according  to  the  convenience  in  engineering.  Ex- 
perience has  indicated  that  the  height  of  the  point  of  outlet  or  inlet 
of  the  gases  is  of  no  great  consequence,  as  the  natural  circulation  of 
the  chambers  is  set  up  regardless  of  height  of  inlet  and  outlet. 
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The  points  in  the  chamber  lining  most  severely  attacked  are  usually 
around  the  entrances,  where  the  reactions  are  more  active  than  in 
other  parts.  Points  not  cooled  by  the  outside  air,  such  as  the  inner 
sheet  of  a  lap  joint,  or  points  in  contact  with  the  timber  framework 
are  also  subject  to  severe  deterioration.  Laying-  the  chamber  bottom 
on  a  slotted  floor  permits  radiation  of  heat  from  the  bottom  sheets 
and  serves  to  protect  them.  Most  plants,  however,  carry  considerable 
acid  in  the  bottom,  which,  of  course,  protects  the  bottom  sheets. 

Acid  storage  tanks  are  usually  provided  beneath  the  chambers. 

There  are  two  special  types  of  chamber  plants  in  this  country 
which  should  be  mentioned  briefly — the  Falding  high  chamber  and 
the  Meyer  tangential  chamber. 


LAng/e-irons  supported 
on  framed  structure- 


2  "Hook- bolt  holding  rod  R.  -^ 

Lead  eye  through  which 
is  slipped  long  iron  rod  R.  -- 

Long  rod  ^"diam.  R.  "~HS/      ,,  Lead  strap  burned  on. 

'"     *. 

'^-L  ead  sheet  of  chamber-  topj  (61b-  per  sq.  ft.) 

Figi;ke  7. — Method  of  hanging  top  of  lead  chamber  at  a 
plant  in  Arizona.  (By  courtesy  of  Mining  and  Scien- 
tific I'ress.) 

FALDING    HIGH    CHAMBERS. 

The  Falding  high  chambers,  designed  by  F.  J.  Falding,  were 
built  to  utilize  as  far  as  possible  the  mixing  of  the  gases  by  the  con- 
vection currents  set  up  by  the  heat  of  the  chamber  reactions,  and 
at  the  same  time  to  maintain  a  zone  of  great  chemical  activity  in 
the  upper  part  of  the  chamber.  If  the  chamber  is  high,  the  hot  re- 
acting gases  will  tend  to  rise  and  to  remain  at  the  top  of  the  cham- 
ber so  long  as  the  reactions  go  on.  The  inert,  nonreacting,  nonheat- 
producing  and  therefore  cooler  gases  tend  to  fall  to  the  bottom  of 
the  chamber.  The  object  aimed  at  was  so  to  proportion  the  height 
and  area  of  the  chamber  to  the  volume  of  gas  admitted  that  there 
would  be  ample  time  and  provision  for  the  quantitative  carrying 
out  of  the  reactions,  with  the  result  that  the  gas  drawn  from  the 
bottom  would  consist  entirely  of  nitrogen  oxides,  inert  nitrogen, 
and  some  oxj^gen.  As  the  gases  would  leave  the  chamber  too  moist 
and  too  hot  to  permit  their  direct  admission  to  the  Gay-Lussac 
towers,  they  must  be  dried  and  cooled  by  a  water-cooled  tower  situ- 
ated between  the  chamber  and  the  Gay-Lussac  towers.     The  first 
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plant  of  this  type  was  built  at  Vandergrift,  Pa. ;  the  plant  comprised 
one  chamber  50  feet  square  by  70  feet  high,  one  Glover  tower,  two 
Gay-Lussac  towers,  and  a  small  unpacked  cooling  tower  9.5  feet 
square  by  50  feet  high  between  the  chamber  and  the  Gay-Lussac 
towers. 

At  the  plant  of  the  Cleveland  Cliffs  Iron  Co.,  at  Marquette,  Mich., 
there  is  one  chamber  50  feet  square  by  70  feet  high.  The  cooling 
towers,  of  which  there  are  two,  between  the  chamber  and  the  Gay- 
Lussac  tower,  are  10  feet  in  diameter  by  50  feet  high.  The  capacity 
of  this  chamber  plant  is  about  40  tons  a  day  (50°  B.  basis). 

The  original  acid  plant  at  the  smelter  of  the  Tennessee  Copper 
Co.,  at  Copperhill,  Tenn.,  comprises  the  largest  installation  of  Fald- 
ing  chambers  ever  built.  At  that  plant  there  are  11  chambers  50  by 
50,  by  67  feet  high ;  6  chambers  50  by  50,  by  72  feet  high ;  4  chambers 
22  by  50,  by  77  feet  high ;  4  chambers  10  by  50,  by  67  feet  high ;  and 
5  chambers  67  feet  high  but  of  varying  lengths  and  breadths.  The 
total  chamber  space  in  this  set  of  chambers  is  3,944,000  cubic  feet. 

As  the  chambers  at  the  Tennessee  Copper  Co."s  plant  are  operat- 
ing on  blast-furnace  gases,  which  vary  greatly  in  composition,  it  is 
not  possible  to  compare  the  results  obtained  with  those  obtained  at 
other  plants. 

The  greatest  advantage  of  the  Falding  chamber  is,  of  course,  the 
great  saving  in  lead.  It  is  estimated  that  in  the  erection  of  a  plant 
to  contain  175,000  cubic  feet  chamber  space,  the  Falding  chamber 
will  require  141,000  pounds  of  lead,  and  the  usual  rectangular  hori- 
zontal chamber  will  require  240,000  to  300,000  pounds.  There  is 
also  a  considerable  saving  in  ground  space,  which  at  some  plants  is 
a  decided  advantage.  However,  the  cost  of  constructing  the  high 
chambers  is  greater  than  for  the  horizontal  chambers,  and  the  net 
saving  in  the  total  cost  in  most  instances  would  be  negligible. 

No  provision  is  made  for  obtaining  an  intimate  mixture  in  the 
Falding  chamber,  other  than  the  preliminary  mixing  brought  about 
in  the  Glover  tower  and  by  the  convection  currents  in  the  chamber, 
and  no  adequate  means  is  provided  for  the  condensation  of  the  acid 
mist.  Nevertheless,  the  results  at  the  plants  mentioned  have  been 
satisfactory;  that  is,  there  has  been  as  complete  a  conversion  of  the 
sulphur  dioxide,  and  the  chamber  space  required  has  been  as  low, 
as  at  most  horizontal  plants;  also  the  niter  consumption  has  been 
reasonably  low. 

MEYER    TANGENTIAL   SYSTEM. 

The  Meyer  tangential  chamber  is  designed  both  to  mix  and  to  cool 
the  reacting  gases  at  the  same  time.  The  chamber  is  cylindrical  in 
form,  having  approximately  the  same  diameter  as  height.    The  gases 
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enter  the  chamber  at  a  tangent  near  the  upper  part  and  leave  the 
chamber  through  outlet  pipes  built  in  the  center  of  the  floor.  The 
first  chambers  have  water-cooled  lead  pipes  suspended  around  the 
circumference,  which  aid  to  reduce  the  temperature  of  the  gases.  The 
spiral  motion  of  the  gases  tends  to  mix  them  thoroughly,  and  this 
mixing,  with  the  cooling  of  the  gases  by  the  lead  pipes,  serves  to 
Lerate  the  reactions  somewhat  above  the  average  rate  in  the  ordi- 
nary horizontal  chambers.  Many  ordinary  horizontal  chambers  give 
as  good  results,  however. 

At  the  plant  of  the  Griffith  &  Boyd  Co.,  in  Baltimore,  Md.,  the 
Meyer  chambers  were  33  feet  in  diameter  and  35  feet  high. 

At  the  plant  of  the  Mountain  Copper  Co.,  at  Martinez,  Calif.,  the 
chambers  were  39.4  feet  in  diameter  and  42.6  feet  high.  A  recent 
plant  built  at  Fairmont,  W.  Va.,  has  a  chamber  46  feet  in  diameter 
and  TO  feet  high  over  all.  The  gases  are  delivered  tangentially  by 
three  flues,  19 J,  27,  and  34£  inches  in  diameter,  respectively,  at  a 
height  of  about  40  feet.  The  gases  issue  from  the  bottom  of  the) 
chamber  in  three  discharge  flues,  symmetrically  situated,  each  flue 
being  20  inches  in  diameter.  These  flues  discharge  into  a  cooling 
tower  9  feet  in  diameter  and  TO  feet  high,  which  acts  as  a  cooling 
flue  and  spray  catcher. 

SPECIAL   TYPES   OF   INTERMEDIATE    OR   REACTION    TOWERS. 

The  conversion  of  sulphur  dioxide  into  sulphuric  acid  takes  place 
very  quickly  in  the  front  part  of  the  first  chamber,  nearly  70  per 
cent  of  the  total  reaction  taking  place  within  the  first  chamber  and 
in  the  Glover  tower.  Then  the  reaction  becomes  slow  and  is  again 
revived  when  the  gases  pass  on  into  the  next  chamber.  The  increase 
in  the  rate  of  reaction  as  the  gases  pass  from  one  chamber  to  the 
other  is  due  partly  to  the  increased  mixing  and  partly  to  the  gases 
and  the  mist  particles  coming  into  contact  with  cooled  surfaces  of 
lead.  In  this  way  the  particles  of  nitrososulphuric  acid  mist,  or  par- 
ticles of  acid  containing  the  nitrososulphuric  acid,  come  into  direct 
contact  with  the  particles  of  cooled  and  condensed  water  mist,  form- 
ing sulphuric  acid  and  releasing  nitrogen  trioxide.  Mere  mixing  of 
the  gases  alone  will  aid  in  the  reaction,  but  by  bringing  the  gases 
into  contact  with  cooled  surfaces,  this  reaction  is  even  more  efficiently 
brought  about  and  the  nitrogen  trioxide  more  rapidly  released  for 
carrying  on  the  process.  The  older  authorities  give  many  descrip- 
tions of  various  mixing  appliances,  ranging  from  Ward  chambers 
partly  filled  with  sheets  of  glass  to  Lunge  plates,  which  are  packed 
into  columns  inserted  between  the  chambers. 

Among  the  most  practicable  equipment  used  in  the  acid  plants  of 
this  country  for  increasing  the  rate  of  mixing  of  the  gases  and  for 
precipitating  or  condensing  the  mists  of  nitrosulphuric  acid  and 
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water  as  fast  as  they  are  formed  are  the  following:  Lunge  plate 
tower;  Gilchrist  pipe  columns  system;  Pratt  converter  system;  Hoff- 
man intensifiers ;  intermediate  towers  between  chambers,  as  built  by 
Chemical  Construction  Co. :  and  Anaconda  "  packed  cell "  system. 

LUNGE    PLATE    TOWER. 

The  Lunge  plate  tower  was  one  of  the  earliest  developments  of 
the  intermediate  "  reaction  "  towers,  designed  to  effect  a  constantly 
renewed  mixture  of  all  the  gases,  vapors,  and  misty  particles,  and 
to  present  large  surfaces  against  which  the  gaseous  current  must 
strike  in  its  coarse  from  one  chamber  to  another.  Described  briefly, 
the  plate  tower  comprises  a  lead  tower,  which  may  be  either  cylin- 
drical or  rectangular,  filled  with  a  series  of  perforated  plates  laid 
horizontally  and  spaced  at  some  distance  above  the  other.  Each 
layer  of  plates  is  supported  independently  of  the  others.  The  plates 
are  so  constructed  and  placed  that  the  holes  in  those  of  one  layer 
do  not  come  directly  above  the  holes  in  the  next  layer  below.  As 
the  hot  chamber  gases  pass  upward  through  the  perforations  in  the 
plates  they  come  into  contact  with  dilute  sulphuric  acid  splashing 
downward  and  also  passing  through  the  holes  in  the  plates.  The 
film  of  dilute  acid  over  the  plates  presents  an  immense  cooling  sur- 
face to  the  gases  and  at  the  same  time  furnishes  the  water  necessary 
for  the  decomposition  of  the  nitrososulphuric  acid. 

The  great  disadvantage  of  this  tower  is  its  comparatively  small 
cooling  area  and  the  high  resistance  that  it  interposes  to  the  passage 
of  the  gases.  A  fuller  description  of  the  plate  tower  may  be  had  by 
referring  to  Lunge's  book.a  None  of  the  modern  plants  in  this  coun- 
try are  equipped  with  plate  towers. 

GILCHRIST  COLUMNS. 

The  Gilchrist  pipe-column  system  for  accelerating  the  chamber- 
process  reaction  was  devised  and  patented  by  Peter  S.  Gilchrist, 
now  president  of  the  Chemical  Construction  Co.,  Charlotte,  N.  C. 
The  columns  are  approximately  1  feet  by  3  feet  6  inches  by  15  feet 
high;  are  made  of  9-pound  or  10-pound  lead,  are  supported  in  a 
wooden  or  steel  frame  placed  about  2^  feet  above  the  floor  level; 
and  are  built  between  the  chambers,  two  or  three  to  each  chamber. 
The  cubical  content  of  the  columns  amounts  to  approximately  0.8  per 
cent  of  the  total  chamber  space.  The  columns  are  filled  with  horizon- 
tal oval  or  angle  pipes,  with  the  outside  deeply  corrugated,  so  as  to 
form  recesses  for  acid  on  the  top  of  the  pipes.  These  deep  corruga- 
tions increase  the  surface  of  the  pipe  for  the  gases  to  impinge  upon, 

a  Lunge,  George,  Sulphuric  acid  and  alkali,  vol.  1,  pt.  2,  ed.  of  1913,  pp.  656-673. 
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and  offer  greater  obstruction  to  the  gases  as  they  wind  their  way 
upward  through  the  columns.  The  pipes  are  staggered  so  that  the 
course  of  the  gases  is  continually  interrupted  as  they  reach  each 
layer  of  pipes.  The  recesses  or  saucers  formed  by  the  corruga- 
tions on  the  top  of  the  pipes  fill  with  moisture  or  weak  acid  which 
overflows  down  the  sides,  cascading  from  pipe  to  pipe.  On  account 
of  the  continual  and  rapid  mixing  of  the  gases,  the  contact  with  the 
surface  of  the  pipes,  and  with  the  weak  acid  flowing  down  over  the 
pipes,  the  reactions  take  place  quickly.  There  is  always  an  excess 
of  nitrous  gases  present,  still  further  intensifying  the  rapid  forma- 
tion of  the  sulphuric  acid.  At  the  same  time  the  gases  are  thor- 
oughly mixed  before  entering  the  following  chamber. 

The  intensive  chemical  reactions  generate  considerable  heat  which 
is  carried  off  by  cold  air  being  drawn  through  the  horizontal  pipes 
by  a  natural  stack  draft.  The  acid  produced  runs  down  and  through 
the  converter  into  the  chamber  pan. 

Pipe  columns  are  installed  at  the  plants  of  the  F.  S.  Royster 
Guano  Co.  in  Norfolk,  Va.,  Columbia,  Ga.,  Macon,  Ga.,  and  Balti- 
more, Md. ;  Morris  Fertilizer  Co.,  Atlanta,  Ga. ;  Lowell  Fertilizer 
Works,  Lowell,  Mass. ;  Mutual  Chemical  Co.,  Jersey  City,  N.  J. ; 
Standard  Acid  Works,  Baltimore,  Md. ;  Baugh  Chemical  Co.,  Balti- 
more, Md. ;  Maybank  Fertilizer  Co.,  Charleston,  S.  C. ;  Georgia  Fer- 
tilizer Co.,  Columbus,  Ga. ;  Robertson  Fertilizer  Co.,  Norfolk,  Va. ; 
Roanoke  Guano  Co.,  Roanoke,  Ala.;  Standard  Acid  &  Fertilizer  Co., 
Troy,  Ala. ;  and  others. 

With  this  system  the  average  plant  can  work  very  easily  on  10 
cubic  feet  of  chamber  plus  tower  space  per  pound  of  sulphur 
burned  per  24  hours  when  burning  pyrite,  and  can  operate  on  9  cubic 
feet  when  burning  brimstone.  Occasionally  an  even  higher  chamber- 
space  efficiency  is  obtained. 

PRATT  CONVERTER  SYSTEM. 

The  Pratt  converter  system  was  devised  by  N.  P.  Pratt,  chemical 
engineer,  of  Atlanta,  Ga.,  and  patented  in  1900  (U.  S.  patents  546596 
and  652687).  The  patents  have  expired,  but  the  Pratt  Engineering 
Co.,  of  Atlanta,  Ga.,  has  continued  to  make  a  specialty  of  build- 
ing plants  along  lines  similar  to  those  of  the  original  patents.  An 
excellent  description  of  the  original  investigations  leading  up  to  the 
establishment  of  the  system  is  given  in  the  American  Fertilizer.0 

For  the  operation  of  the  Pratt  system  at  a  plant  having  a  capacity  of 
about  60  tons  of  50°  B.  acid  per  day,  the  general  plan  would  be  about 
as  follows:  A  total  chamber  space  of  about  240,000  cubic  feet  would 

°  Pratt,  N.  P.,  The  N.  P.  Pratt  converter  system  for  the  manufacture  of  sulphuric  acid : 
American  Fertilizer,  vol.  13,  July,  1900,  pp.  33-42. 
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be  provided,  in  three  or  four  chambers,  of  which  the  first  carries  80 
per  cent  or  190,000  cubic  feet.  The  other  chambers  have  equal  ca- 
pacity, the  main  duty  of  these  being  to  cool  the  residual  gases  on 
their  way  to  the  Gay-Lussac  towers,  and  at  the  same  time  to  trap 
and  precipitate  any  acid  mist  that  might  pass  to  them.  A  lead- 
walled  shaft  or  "converter"  about  25  feet  high  and  about  25  square 
feet  square  is  installed  near  the  rear  of  the  first  chamber.  This  shaft 
is  packed  with  broken  quartz,  about  the  size  of  a  man's  fist  or 
smaller,  to  within  18  inches  of  the  top,  the  quartz  packing  resting 
upon  grated  chemical  brick  which  rise  about  2  feet  above  the  pan. 
Through  a  wide,  flat  entry  flue,  connecting  with  the  rear  of  the  first 
chamber,  part  of  the  gases  from  the  chamber  is  taken  into  the  column 
just  above  the  pan,  the  gases  being  drawn  through  the  quartz-packed 
column  by  a  large  regulus  metal  or  lead  exhauster.  The  exhauster 
discharge  may  enter  either  the  first  chamber  at  the  head  or  the  flue 
leading  from  the  Glover  tower.  If  a  fan  is  used  to  draw  the  furnace 
gases  through  the  Glover  tower  and  to  discharge  them  into  the  first 
chamber  and  has  sufficient  capacity,  the  lead  flue  from  the  top  of  the 
quartz-packed  column  or  "  converter  "  can  be  connected  directly  into 
the  flue  from  the  Glover  tower;  then  by  suitable  dampers  in  the 
Glover  tower  flue  and  the  flue  from  the  "  converter  M  the  relative 
volume  of  the  gases  from  the  two  flues  can  be  varied,  giving  a  per- 
fect control  over  the  process.  A  flue  from  the  front  corner  of  the 
first  chamber  connects  with  the  front  of  the  second  chamber,  and  the 
volume  of  gases  passing  from  the  first  into  the  second  is  controlled 
by  natural  draft  or  by  a  fan  at  the  end  of  the  chamber  system  with 
capacity  to  carry  through  the  chamber  system  the  normal  volume  of 
gas.  Thus,  while  the  plant  is  in  current  operation,  and  is  regulated 
in  the  usual  way,  the  gaseous  and  misty  contents  of  the  large  first 
chamber  are  moved  rapidly  through  the  length  of  the  chamber  and 
then  pass  up  through  the  quartz  packing  of  the  converter,  this  move- 
ment being  independent  of  and  without  any  interference  with  the 
ordinary  draft.  The  circulating  capacity  of  the  exhauster  is  much 
greater  than  the  ordinary  volume  of  gases  coming  from  the  Glover 
tower. 

The  water  required  for  the  process,  except  that  supplied  by  the 
Glover  towers,  is  usually  supplied  by  feeding  it  under  the  brick 
grating  of  the  quartz-packed  column  and  at  no  other  point. 

If  the  volume  of  gases  passed  through  the  "converter"  and  cir- 
culating pipes  is  about  9,000  cubic  feet  per  minute  it  is  evident  that 
with  a  main  working  chamber  volume  of  160,000  cubic  feet  a  volume 
of  gases  equal  to  the  entire  content  of  the  main  chamber  passes 
through  the  "  converter  "  every  18  minutes.  As  a  result  of  this  inti- 
mate  mixing  in  the  chamber  and  the  contact  of  the  acid  mist  and 
water  mist  against  the  quartz  packing  of  the  column  all  the  chamber 
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process  reactions  are  accelerated  and  the  activity  of  the  nitrous  acid 
(  X..O.)   is  increased. 

Plants  equipped  with  this  system  have  been  operated  with  as  low 
n  chamber  space  as  7  cubic  feet  per  pound  of  sulphur,  to  which,  of 
course,  must  be  added  the  volume  of  the  flues,  etc.,  in  the  system, 
making  a  total  requirement  of  a  little  more  than  7.5  cubic  feet.  The 
average  plant  on  this  system  requires  between  8.5  and  9.5  cubic  feet 
of  chamber  space  when  treating  a  steady  supply  of  gas  of  fairly  high 
concentration,  as  from  brimstone.  Such  results  have  been  obtained 
with  a  yield  of  4.8  pounds  of  50°  B.  acid  per  pound  of  sulphur 
per  24  hours  and  with  a  niter  consumption  of  3.5  per  cent,  based  on 
the  weight  of  sulphur  burned.  The  use  of  the  Pratt  system,  of 
course,  requires  excess  power  above  what  is  required  at  any  ordinary 
chamber  plant. 

Most  of  the  plants  operating  with  the  Pratt  converter  system  are 
in  the  South,  but  in  the  last  few  years  a  number  of  such  systems  have 
been  installed  in  the  North,  chief  among  these  northern  plants  being 
the  Armour  Fertilizer  Works,  Chrome,  N.  J.,  and  the  Butterworth 
Judson  Corporation,  Newark,  N.  J. 

INTERMEDIATE  TOWERS   BUILT  BY   CHEMICAL   CONSTRUCTION   CO. 

The  intermediate  towers  designed  by  the  Chemical  Construction 
Co.  are  lead-lined  towers,  with  steel  frames  and  packed  with  6-inch 
"chemico"  spiral  rings,  as  described  on  page  87.  The  6-inch  rings 
have  a  surface  area  of  27  square  feet  per  cubic  foot  of  packing,  with 
60  per  cent  free  space  for  passage  of  the  gases.  The  rings  are  placed 
in  the  tower  in  layers,  each  layer  being  staggered,  The  gases  pass 
up  through  the  rings  largely  in  a  spiral  motion,  thereby  remaining 
in  the  tower  longer  than  with  a  direct  line  of  travel,  and  at  the  same 
time  causing  the  up-going  gases  and  the  down-coming  acids  to 
remain  in  contact  with  each  other  for  a  long  time  and  over  a  large 
surface. 

With  this  type  of  packing  there  is  claimed  (1)  intensive  mixing 
of  the  gases,  owing  to  the  whirling  motion  imparted,  (2)  large  con- 
tact surface,  (3)  large  free  space,  and  (4)  durability.  The  whirling 
motion  evidently  is  not  perfect,  as  there  is  a  space  about  three-fourths 
of  an  inch  in  diameter  through  the  center  of  each  ring,  through 
which  gases  and  liquids  may  travel  vertically  without  going  around 
the  spiral,  also  spaces  between  the  adjacent  rings  permit  the  vertical 
flow  of  acids  and  gases. 

The  acid  formed  in  the  tower  runs  down  the  surface  of  the  spirals 
and  sides  of  the  rings,  keeping  the  surfaces  always  moist.  Water 
sprays  are  used  in  the  inlet  pipes  to  keep  the  strength  of  the  acid 
down  to  a  normal  working  basis,  as  otherwise  the  strong  acid  would 


108  MANUFACTURE   OF   SULPHURIC  ACID. 

absorb  the  nitrous  oxides  present.  On  account  of  the  large  area  of 
surface  exposed  and  the  intimate  mixing  of  the  gases  by  the  spiral 
motion,  the  reaction  in  the  tower  is  vigorous  and  a  relatively  large 
amount  of  acid  is  produced. 

These  intermediate  towers  have  been  installed  at  the  plant  of  the 
Alabama  Chemical  Co.  at  Montgomery,  Ala.,  and  of  Swift  &  Co. 
at  Harvey,  La. 

The  following  data  has  been  furnished  by  the  Chemical  Con- 
struction Co.  relative  to  the  work  of  the  intermediate  towers  at  the 
Swift  &  Co.  plant : 

Data  on  intermediate  towers  at  Swift  d  Co.  plant. 

Cubic  feet. 

Total  chamber  space  in  five  chambers 268,  500 

Intermediate  towers  between  each  chamber    (28  feet  high  by  6  feet 

wide  by  24  feet  9  inches  long),  each 4,158 


Volume  space  in  four  intermediate  towers 1G,  632 

Tower  at  rear  of  last  chamber  (14  feet  high  by  5  feet  wide  by  15  feet 

3    inches    long) 1.068 

Total  cubic  feet  in  towers 17,  700 

^  1 7.700 

Ratio  of  tower  volume  to  chamber  voltime=2«o  qno==       ^er  cen*:- 

17.700X0.60_„n  „     . 

Ratio  of  open  space  in  towers  to  chamber  space= — ->ag  ~oo *        cent. 

First   tower — that    is,   the  one  between   the   first   and   second   chambers — pro- 
duces 16.905  pounds  of  55°B.   acid   at  197°   F.,  or  21,064  pounds  50°B.   acid, 
equivalent  to  4,434  pounds  of  sulphur. 

4.158 
Efficiency  of  first  tower,  therefore,  is  ,  .~.  =0.938  cubic  feet  of  tower  capacity 

per  pound  of  sulphur  burned  daily. 

Total  amount  of  50°B.  acid  produced  in  five  towers  is  60,700  pounds,  equiva- 
lent to  12,900  pounds  of  suphur.  Tower  capacity  required  per  pound  of  sul- 
phur converted  per  24  hours  in  total  tower  installation,  is  1.37  cubic  feet. 

Total  production  of  entire  plant  is  180.000  pounds  of  50°B.  acid  per  day. 

Amount  made  in  towers,  60,000  pounds,  equivalent  to  33J  per  .cent. 

Amount  made  in  chambers,  120.000  pounds. 

Efficiency  of  chambers  alone  is  10.7  cubic  feet  per  pound  of  sulphur  burned  per 
24  hours. 

Total  efficiency  of  whole  plant — that  is,  chamber  plus  tower  capacity — is  7.6 
cubic  feet  per  pound  of  sulphur. 

The  Chemical  Construction  Co.  are  now  designing  towers  of  much 
larger  capacity  than  those  described,  and  at  the  same  time  reducing 
the  chamber  capacity  proportionately.  The  towers  are  designed  to 
have  a  height  of  about  that  of  the  chambers,  a  width  of  5  to  10  feet, 
and  length  according  to  the  work  required.  The  special  rings  are 
made  of  chemical  and  acid  proof  brick  and  are  claimed  to  be  prac- 
ticalfy  indestructible. 
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Figures  8  and  9  show  the  types  of  plant  with  the  intermediate 
towers  recommended  by  the  Chemical  Construction  Co.  It  is  to  be 
noted  that  the  arrangement  is  similar  to  that  recommended  by  prac- 
tically all  construction  companies  and  common  to  all  modern  plants — 
that  is,  the  roaster,  dust  chambers,  niter  ovens,  the  Glover  tower, 
and  the  Gay-Lussac  towers,  are  all  concentrated  at  one  end  of  the 
plant.  Thus,  in  a  six-chamber  plant  the  gases  after  passing  ahead 
through  three  lead  chambers,  double  back  through  the  other  three 
chambers  parallel  to  the  first  three,  to  the  Gay-Lussac  towers.  This 
arrangement  facilitates  technical  control  as  well  as  convenience  in 
operation. 

It  is  evident  that  the  main  consideration  to  be  given  any  scheme 
for  intensifying  or  increasing  the  rapidity  of  the  reactions  in  the 
chamber  process  is  whether  or  not  the  increased  cost  of  installing 
and  operation  as  compared  with  the  cost  for  an  ordinary  chamber 
plant  is  justified  by  tke  results  obtained.  In  other  words,  it  is  not 
so  important  to  obtain  a  high  conversion  factor  per  unit  volume  of 
chamber,  or  tower  space,  as  it  is  to  obtain  the  largest  conversion  per 
unit  cost  of  investment  or  of  operation.  At  certain  skillfully  oper- 
ated plants,  equipped  with  ordinary  chambers  without  any  interme- 
diate towers  other  than  cooling  towers,  results  obtained  have  been 
nearly  if  not  just  as  satisfactory  as  those  obtained  at  other  plants 
equipped  with  intensifiers  or  intermediate  towers,  but  less  skillfully 
controlled. 

ANACONDA    "  PACKED-CELL  "    PLANT. 

At  the  acid  plant  of  the  Anaconda  Copper  Mining  Co.,  at  Anaconda, 
Mont.,  there  has  been  developed  during  the  last  year  a  successful 
process  for  the  manufacture  of  acid,  called  the  "  packed-cell "  process. 
The  main  features  of  the  process  were  devised  by  E.  L.  Larison, 
superintendent  of  the  acid  plant  at  Anaconda,  who  has  applied  for  a 
patent.  After  experiments  had  been  conducted  on  a  laboratory  scale, 
the  process  was  tried  out  on  a  2-ton  scale.  On  the  satisfactory  per- 
formance of  this  2-ton  experimental  plant  the  Anaconda  company 
authorized  the  erection  of  a  25-ton  plant,  which  has  recently  been 
completed  and  is  now  in  successful  operation. 

In  this  new  plant  the  lead  chambers  are  entirely  eliminated  and  in 
their  place  are  substituted  brick  cells,  or  towers,  packed  with  acid- 
proof  brick  or  other  packing  to  create  vigorous  mixing  of  the  gases 
and  mists,  and  to  afford  large  surfaces  upon  which  the  gases  may 
impinge.  This  packing  is  kept  wet  with  cold  sulphuric  acid  of  such 
gravity  that  it  will  not  take  into  solution  the  oxides  of  nitrogen. 
The  acid  carries  off  the  heat  of  the  reaction,  and  in  fact,  controls  it. 
One  of  the  causes  for  the  nonsuccess  of  earlier  forms  of  reaction 
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Figure  8. — rian  of  chamber  plant  designed  by 
Chemical  Construction  Co. 


FlGURB   9. — Elevation   of   chamber  plant 
designed  by  Chemical  Construction  Co. 
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towers  was  due  to  the  inability  to  get  rid  of  the  heat  generated  in 
the  towers.  This  feature  has  been  solved  at  Anaconda  by  the  large 
volume  of  acid  being  circulated,  amounting  to  ten  times  the  total 
acid  made  in  the  tower.  The  acid  issues  hot,  is  cooled,  pumped  up, 
and  reintroduced.  The  tower  capacity  required  is  only  about  1 
cubic  foot  per  pound  of  sulphur  per  24  hours. 

DESCRIPTION  OF  PLANT. 

A  brief  detailed  description  of  the  plant,  as  given  by  the  Ana- 
conda Copper  Mining  Co.r  follows: 

Flues  and  blowers. — The  gag  is  drawn  from  the  furnace  dust  chamber 
through  a  24-inch  asbestos-covered  steel  flue.  The  blower  is  a  No.  11  Buffalo 
forge  blower,  provided  with  a  water-cooled  gland,  where  the  shaft  enters  the 
ease*  and  with  water-cooled  bearings.  This  blower  runs  at  about  750  r.  p.  m. 
and  is  wry  satisfactory. 

('•lover  lower. — The  Glover  tower  is  of  standard  dimensions  and  design.  It 
is  sheathed  with  lead.  Splash-plate  acid  distributors  are  used.  Two  4-foot  by 
4-foot  by  4- foot  coolers  take  the  outflow.    Each  has  four  li-inch  pipe  coils. 

Reaetion  lowers  or  cells. — There  are  five  reaction  cells  built  in  a  block.  They 
are  sheathed  with  lead.  They  are  packed  with  Anaconda  slime  brick  of  stand- 
ard shape  and  size.  Acid  is  made  in  them  at  the  rate  of  about  1  pound  of 
sulphur  converted  per  cubic  foot  of  packed  volume.  Each  cell  is  provided  with 
iis  individual  acid-distributor  system.  The  acid  issues  from  each  cell  into  a 
launder  and  is  conducted  to  a  set  of  coolers,  then  elevated  by  a  centrifugal  pump 
to  the  distributing  box  as  needed.  The  gravity  of  the  acid  leaving  the  cells  is 
maintained  at  such  a  point  that  it  will  neither  absorb  the  nitrogen  oxides  nor 
the  sulphur  dioxide.  The  distributing  and  cooling  arrangement  permits  good 
regulation  of  the  gas  temperature  in  each  cell. 

Gay-Lussac  towers. — The  Gay-Lussac  towers,  two  in  number,  are  built  in 
one  block  with  an  interior  downtake  flue  between  them.  The  block  is  lead 
sheathed.  The  volume  and  general  design  is  conventional.  Splash-plate  dis- 
tributors are  used. 

The  acid  throughout  the  whole  plant  is  pumped  by  Lewis  vertical  sub- 
merged  centrifugal  pumps  with  direct-connected  motors.  The  pumps  for  the 
circulation  of  tower  acid  (that  is,  60°  to  61°  B.  acid)  are  of  iron.  The  weak- 
acid  pumps  are  lead  covered.  Iron  tanks  and  pipes  are  used  for  the  60u-fil°  B. 
acid  and  lead  for  the  weak  acid.  Four  pumps  are  used,  each  equipped  with  a 
5-h.  p.  motor ;  they  have  a  large  margin  of  excess  capacity. 

It  should  be  mentioned  that  part  of  the  rapidity  of  reaction  is 
due  to  the  use  of  more  than  twice  the  usual  niter  circulation,  being 
nearly  70  parts  of  sodium  nitrate  per  100  parts  of  sulphur.  This 
i>  possible  on  account  of  the  temperature  control  that  is  effected  in 
the  reaction  cells  by  means  of  the  circulation  of  acid. 

An  unusual  construction  feature  is  in  the  manner  of  applying  the 
lead  and  supporting  it.  Instead  of  building  a  strong  steel  frame 
and  hanging  the  lead,  and  then  putting  in  the  masonry  walls  and 
packing,  as  is  ordinarily  done,  the  masonry  was  all  erected  first  and 
then  the  lead  applied.     The  lead  sheets  are  attached  to  compara- 
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tivelj*  light  framing,  and  this  in  turn  is  supported  where  necessary 
on  corbeled  shelves  extending  from  the  faces  of  the  transverse  walls. 
All  heavy  steel  and  wood  columns  are  done  away  with  and  the  lead 
is  carried  by  the  masonry,  which  is  amply  strong  to  support  it. 

The  brick  used  for  Avails  and  packing  is  Anaconda  slime  brick, 
being  made  from  the  slime  tailings  from  the  concentrating  mill. 
The  mortar  is  made  of  30°  B.  silicate  of  soda  with  100-mesh  "  Dillon 
rock,'"  a  pure  natural  quartz  quarried  near  by.  The  walls  were  laid 
carefully,  but  not  especially  so.  The  average  rate  of  laying  per 
day  per  mason  was  800  brick.  It  was  originally  considered  that 
such  a  plant  might  be  built  without  lead  sheathing,  but  it  developed 
that  absolutely  tight  walls  could  be  built  only  by  using  the  most 
perfectly  uniform  brick  and  by  laying  them  with  a  degree  of  care 
and  consequent  slowness  that  made  the  cost  far  higher  than  sheath- 
ing with  lead.  Future  plants  may  be  built  entirely  with  lead  walls 
supported  by  steel  framework,  doing  away  with  the  interior  brick 
Avails. 

Needless  to  say,  no  housing  is  necessary  to  protect  the  lead  from 
wind  and  weather.  A  top  house  to  protect  the  operator  and  a  shed 
to  protect  the  tanks  and  pumps  are  the  only  buildings  necessary. 

Figures  10  and  11  show  the  plan  and  elevation,  respectively,  of  the 
25-ton  plant.  Plate  VIII  shows  the  form  of  packing.  Plate  IX 
shows  the  25-ton  plant  under  construction  before  the  brick  walls  were 
covered  with  the  lead  sheathing. 

The  25-ton  plant  occupies  a  ground  space  of  about  40  by  80  feet, 
including  tanks,  pumps,  and  other  equipment. 

OPERATION. 

Operation  is  controlled  by  sulphur  dioxide  tests  of  the  gases 
entering  the  first  and  fourth  cells,  and  nitrous  vitriol,  temperature, 
and  hydrometer  tests  at  various  points. 

Control  work  is  done  by  one  man.  A  second  man  oils,  cleans  up, 
and  acts  as  general  factor  of  safety.  It  seems  from  the  compact- 
ness and  simplicity  of  operation  of  this  plant  that  a  100  or  150  ton 
plant  could  be  as  readity  handled  by  two  men. 

The  niter  consumption  at  the  start  of  the  operation  of  this  plant 
has  been  considerably  higher  than  with  the  ordinary  plant,  being 
about  6  per  cent  as  against  1.5  per  cent  in  the  chamber  plant  close 
by.  A  large  proportion  of  the  consumption  is  due  to  mechanical  losses, 
caused  by  fluctuations  in  the  gas  concentration.  The  niter  loss  is 
being  gradually  decreased  as  the  best  conditions  as  to  cell  tempera- 
tures and  acid  strengths  are  being  determined.  However,  the  recon- 
version of  the  lower  nitrous  oxides  into  the  higher  oxides,  which  are 
readily  recovered  by  the  Gay-Lussac  tower  acid,  seems  to  require 
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To  chambers 
\       To  Gay-Lussac  A/s 2 
'        To  G/over  lower 
To  Gay-Lussac  N£/ 
7b  Gay-Lussac  orG/o\/er  tower 

Figurh  10. — Plan  of  Anaconda  acid  plant  with  packed  tower :  1,  Gay-Lussac  tower  (2 
compartments);  2,  chamber  compartments;  3,  Glover  tower;  a,  iron  tanks;  b,  dis- 
tributor ;  c,  collector ;  d,  iron  pump  ;  e,  coolers ;  f,  lead  pumps ;  g,  air  lifts. 


'W^^^^ 


Fioobb  11. — Elevation  of  Anaconda  acid  plant  with  packed  tower:  a,  circulating  tank; 
b,  distributor ;  c,  lead  flues ;  d,  top  of  foundation  for  Gay-Lussac  tower  ;  e,  collector ; 
/,  iron,  tanks  ;  g,  cooler  ;  li,  air  lifts  ;  i,  top  of  chamber  foundations. 
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some  time,  and  the  introduction  of  a  chamber,  probably  of  compara- 
tively small  capacity,  between  the  reaction  towers  and  the  Gay-Lussac 
towers  may  be  necessary  in  order  to  give  the  time  required  for  a 
satisfactory  niter  recovery.  Recent  work  has  shown  that  the  use  of  a 
third  Gay-Lussac  tower  would  increase  the  niter  recovery  to  a  point 
where  the  resulting  loss  would  be  normal. 

The  main  advantage  of  this  type  of  plant  over  the  ordinary  cham- 
ber plant  is  the  decreased  cost  of  construction.  At  Anaconda,  where 
acid-proof  brick  can  be  made  at  a  fairly  low  cost — about  $8  per 
1,000  with  1916  prices — and  lead  construction  is  relatively  high,  the 
cost  of  this  type  of  plant  is  about  45  per  cent  of  that  of  a  chamber 
plant.  At  other  points  where  the  cost  of  brick  is  greater  and  the  cost 
of  lead  construction  less,  the  difference  would  not  be  as  great,  but  the 
cost  would  in  all  cases  be  less  than  for  a  lead  chamber  of  corresponding 
capacity.  The  cost  of  operation  per  ton  of  acid  produced  apparently 
will  be  about  the  same.  The  cost  of  maintenance  of  the  packed  cells 
remains  to  be  demonstrated,  but  indications  are  that  it  will  be  less 
than  that  of  maintaining  a  lead  chamber  plant. 

GAY-LUSSAC  TOWERS. 

In  order  to  recover  the  oxides  of  nitrogen  issuing  from  the  last 
chamber,  the  gases  are  led  into  Gay-Lussac  towers  where  these  oxides 
are  absorbed  by  moderately  concentrated  (60°  to  62°  B.)  sulphuric 
acid.  Nitrous  acid  (N2Oa)  is  absorbed  with  the  formation  of  nitro 
sosulphuric  acid.  Nitric  oxide  (NO)  is  not  absorbed  except  in  the 
presence  of  oxygen  when  the  higher  nitrogen  oxides  are  formed, 
hence  the  necessity  of  maintaining  a  certain  proportion  (about  5, 
per  cent)  of  oxygen  in  the  exit  gases.  Nitrogen  peroxide  (N204)  is 
absorbed  slowly  by  the  acid  with  the  formation  of  nitrososulphuric 
acid  and  nitric  acid.  When  nitric  oxide  and  nitrogen  peroxide  are 
present  in  the  proper  proportions  and  sufficient  time  is  allowed  for 
the  reaction,  the  result  is  a  nearly  complete  conversion  to  nitrous 
acid,  which  is  readily  soluble  in  sulphuric  acid. 

Some  acid  experts  maintain  that  the  presence  of  a  certain  propor- 
tion of  sulphur  dioxide  is  necessary  in  the  exist  gases  from  the  last 
chamber  in  order  to  keep  a  sufficient  proportion  of  the  higher  oxides 
of  nitrogen  reduced  to  nitric  oxide  to  permit  conversion  of  all  the 
nitrogen  peroxide  to  nitrous  acid.  In  ^forcing"  the  chamber  and 
operating  with  a  high  niter  circulation  there  may  undoubtedly  be 
considerable  nitrogen  peroxide  in  the  gases,  and  unless  the  capacity 
of  the  Gay-Lussac  towers  is  adequate  to  allow  the  longer  time  for 
absorption  of  the  peroxide,  it  would  undoubtedly  be  lost.  This  loss 
may  be  prevented  by  the  presence  of  a  small  amount  of  sulphur  diox- 
ide to  react  with  the  nitrogen  peroxide,  as  outlined  above. 
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On  the  other  hund,  if  too  much  sulphur  dioxide  is  present  in  the 
gas  mixture  entering  the  Gay-Lussac  towers,  nitric  oxide  forms  in 
ss  of  the  quantity  needed  to  form  nitrous  acid  with  the  nitrogen 
peroxide,  or  in  excess  of  what  can  readily  be  oxidized  to  nitrous  acid. 
As  nitric  oxide  is  only  slightly  soluble  in  cold  sulphuric  acid  of  60°  B. 
strength,  this  excess  will  be  largely  lost,  and  as  nitric  oxide  is  a  color- 
U  ss  gas,  its  loss  will  not  be  so  readily  detected  by  observing  the  gases 
escaping  from  the  to})  of  the  tower. 

CONSTRUCTION   OF    TOWERS. 

Various  styles  of  Gay-Lussac  towers  with  different  types  of  tower 
packing  have  been  proposed.  The  most  commonly  used  type  is  a 
lead  tower  much  higher  than  it  is  wide,  of  circular  or  rectangular 
form,  and  filled  with  a  tower  packing,  such  as  coke,  quartz,  or  acid- 
proof  stoneware.  The  packing  is  so  arranged  that  the  stream  of 
sulphuric  acid  solution  entering  from  above  is  broken  into  small 
drops  or  spray  as  it  descends  through  the  packing.  The  gases  rise  in 
numerous  small  streams,  through  the  interstices  of  the  packing,  so 
that  the  surface  of  contact  between  acid  and  gas  is  as  large  as  pos- 
sible. 

The  capacity  of  the  tower  corresponds  in  a  measure  with  the  capac- 
ity of  the  chambers  and  also  with  the  method  of  operation.  Inten- 
sive working  of  the  chambers,  involving  a  high  niter  circulation,  re- 
quires a  larger  tower  capacity  than  a  more  moderate  method  of  work- 
ing. Thus,  when  the  plant  is  so  operated  as  to  use  16  to  20  cubic 
feet  of  chamber  space  per  pound  of  sulphur  burned  per  24  hours,  a 
(utv-Lussac  tower  capacity  equivalent  to  2  per  cent  of  the  chamber 
space  is  usually  sufficient.  With  more  intensive  working,  the  tower 
capacity  must  be  increased,  even  to  3  or  3.5  per  cent.  These  figures 
refer  to  the  space  occupied  by  the  packing  and  the  interstices,  not  to 
the  total  space  in  the  lead  shell.  However,  the  efficiency  of  the  Gay- 
Lussac  tower  is  more  largely  dependent  on  the  condition  of  the  enter- 
ing gas,  as  discussed  previously,  and  upon  the  method  of  constructing 
and  packing,  than  upon  any  absolute  ratio  of  cubic  content  to  cham- 
ber space.  The  distribution  of  the  acid  throughout  the  tower  should 
be  as'perfect  as  possible. 

With  the  large  Gay-Lussac  tower  capacity  required  at  many  works, 
it  is  impossible  to  use  only  one  tower.  In  many  plants  two  towers 
are  employed,  the  first  being  fed  with  the  acid  from  the  second.  In 
both  towers,  the  gases  should  ascend  against  the  stream  of  acid. 

Gay-Lussac  towers,  as  previously  stated,  have  recently  been  built  of 
chemical  brick  laid  in  acid-proof  cement  (see  fig.  12),  in  lieu  of  lead. 
In  building  towers  of  chemical  brick  the  horizontal  and  vertical  joints 
of  the  brick  in  the  walls  are  staggered,  and  on  the  inside  two  layers 
of  6-inch  by  6-inch  tile  are  placed  also  with  staggered  joints.    This 


116 


MANUFACTURE   OF   SULPHURIC  ACID. 


Figuhe   12. — Typical    masonry,    Gay-Lussac 
tower. 


method  practically  eliminates 
acid  or  gas  leakage.  In  this 
construction  the  connecting  flues 
between  the  brick  towers  are 
also  of  chemical  brick  in  place 
of  lead. 

At  the  acid  plant  of  the  Calu- 
met and  Arizona  Mining  Co.,  a 
radical  departure  from  the 
usual  type  of  construction  has 
been  introduced.  There  are  12 
towers  built  into  a  solid  block, 
each  tower  being  13  feet  square 
by  45  feet  high.  The  towers 
are  built  of  duro  brick  laid  in 
duro  cement,  and  the  interior  is 
packed  with  duro  tile.  (See 
PI.  X,  A.)  The  entire  block 
of  towers  is  inclosed  in  lead 
sheeting,  hung  upon  a  steel 
frame.  The  stream  of  gases 
coming  from  the  chambers  is 
divided  into  three  parts,  each 
part  passing  independently 
through  a  series  of  four  towers. 
The  cold  acid  from  the  Glover 
tower  is  pumped  to  the  top  of 
the  fourth  tower,  and  travels 
counter  current  to  the  gases. 

At  the  plant  of  the  Tennessee 
Copper  Co.  is  a  Gay-Lussac 
tower  of  peculiar  construction. 
There  is  only  one  tower  for  a 
series  of  four  chambers  aggre- 
gating 557,000  cubic  feet  of 
chamber  space.  This  tower  is 
built  of  acid-proof  brick  laid  in 
acid-proof  cement,  without  lead 
curtains.  The  tower  is  divided 
into  56  cells,  the  partitions  be- 
ing of  acid-proof  brick.  There 
are  eight  parallel  rows  of  cells 
and  seven  cells  to  the  row. 
Each  cell  is  8  feet  square  inside, 
with  a  total  height  of  40  feet. 
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BULLETIN     184       PLATE    X 


A.     DURO  TILE   PACKING  OF  GAY-LUSSAC  TOWER. 


B.     COOLING  TANKS  AT    PLANT  OF  CALUMET  &  ARIZONA    MINING  CO. 
(By  courtesy  of  the  Mining  and  Scientific  Press.) 
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The  gases  traverse  the  eight  rows  in  parallel,  passing  up  one  cell  and 
down  the  next  until  they  arrive  at  the  top  of  the  seventh  cell,  when 
they  are  drawn  through  the  back  fan  and  discharged  into  the  exit 
stack.  The  acid  is  distributed  over  the  tops  of  the  cells  by  means 
of  a  single  acid  feed  pipe  to  each  cell,  terminating  inside  the  tower  in 
a  sprayer  provided  with  a  splash  plate  that  sprinkles  the  acid  with 
approximate  uniformity  over  the  entire  top  of  the  tower  packing. 
The  lead  pan  at  the  bottom  is  divided  into  three  compartments  by 
means  of  brick  partitions  whereby  it  is  possible  to  keep  separate 
nitrous  vitriol  of  three  different  grades  of  nitrosity,  as  discharged 
from  the  tower.  The  56  cells  are  divided  into  three  series,  as  to  the 
circulation  of  acid — the  first  having  24  cells,  the  second  and  third  hav- 
ing 1G  cells  each — and  the  acid  in  the  three  compartments  progresses 
forward  through  these  series. 

No  advantage  from  this  type  of  construction  has  been  experienced, 
and,  in  fact,  owing  to  the  difficulty  in  the  working  of  the  cells  when 
thej  become  clogged,  they  have  been  rather  disadvantageous  to  op- 
erate. 

One  of  the  advantages  in  operating  two  or  more  towers  in  series  is 
that  if  any  irregularity  occurs  in  the  chamber  operations  whereby 
some  sulphur  dioxide  is  admitted  into  the  first  Gay-Lussac  tower,  the 
nitrous  and  nitric  oxides  escaping  as  a  result  from  the  first  tower 
can  be  recovered  in  the  second.  A  tower  of  considerable  height  would 
of  course  accomplish  the  same  result  but  the  expense  of  building 
such  a  tower  would  be  too  great. 

PACKIXG. 

It  has  been  the  general  custom  in  the  past  to  pack  the  towers  with 
coke,  using  hard-burnt  oven  coke.  Soft,  porous  coke  is  not  satisfac- 
tory, as  it  can  not  support  the  pressure  of  the  column  and  is  acted 
upon  by  the  nitrous  vitriol  too  readily.  In  fact,  even  hard-burnt 
coke  is  slowly  acted  upon  by  nitrous  vitriol,  or  by  the  nitrous  or 
nitric  acid,  and  so  deteriorates  in  time  that  the  towers  must  be  re- 
packed. Some  coke  towers  require  repacking  every  year.  The  effi- 
ciency of  coke  packing  has  been  rather  overestimated,  for,  as  a  matter 
of  fact,  the  pores  of  the  coke  become  filled  with  acid  so  that  only  the 
exterior  of  the  lumps  remain  effective  in  presenting  a  film  of  acid  to 
the  gases.  Tile,  such  as  duro  tile,  and  special  chemical  earthenware 
shapes,  such  as  the  "  chemico "  spiral  rings,  are  now  being  largely 
used. 

ACID  SUPPLY. 

The  supply  of  cold  acid  to  the  Gay-Lussac  tower  should  be  as 
regular  and  as  evenly  distributed  over  the  entire  cross  section  as 
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possible.  Various  devices  are  employed  for  thib  purpose,  which 
need  not  be  described  here.  The  most  commonly  used  is  the  *;  splash 
}3late  "  distributing  device.  The  acid  is  usually  pumped  into  stor- 
age tanks  built  at  a  high  elevation,  and  thence  to  the  distributors, 
or  may  be  pumped  directly  to  the  distributors.  The  supply  is  so 
regulated  that  the  nitrous  vitriol,  coming  from  the  bottom  of  the 
Gay-Lussac  tower  nearest  to  the  chamber,  will  have  in  solution  an 
amount  of  X20;.  equivalent  to  40  to  GO  ounces  of  sodium  nitrate 
per  cubic  foot  of  acid.  The  nitrous  vitriol  should  not  contain  less 
than  1  per  cent  N2Os,  or  the  equivalent  of  36  ounces  NaN03  per 
cubic  foot  of  acid.  Above  a  strength  of  2|  per  cent  N203,  or  the 
equivalent  of  90  ounces  per  cubic  foot  of  acid,  there  is  some  danger 
of  a  loss  of  niter  from  the  acid. 

From  the  Gay-Lussac  tower  the  nitrous  vitriol  is  pumped  into 
storage  tanks  for  feeding  it  to  the  Glover  tower. 

EXIT  GASES. 

The  exist  gases  issuing  from  the  Gay-Lussac  towers,  when  ample 
tower  capacity  is  provided,  are  never  free  from  sulphur  di- 
oxide or  nitrogen  oxides.  Usually  the  gas  issuing  from  the  tower 
has  an  orange  color,  which  is  probably  due  to  the  oxidation  of  some 
residual  nitric  oxide  (NO)  to  nitrogen  peroxide  (X204)  in  contact 
with  the  air.  With  a  single  Gay-Lussac  tower  there  is  also  some 
slight  loss  of  nitrous  acid  (N^O-)  due  to  the  vapor  tension  of 
nitrous  acid  or  of  nitrososulphurie  acid  in  sulphuric  acid. 

NITER  SUPPLY. 

From  the  formulas  representing  the  chamber  process  reactions 
it  would  appear  as  though,  once  sufficient  niter  was  added  to  the 
plain  further  quantities  would  not  be  required.  However,  for  vari- 
ous reason.-.,  there  is  a  loss,  and  it  is  necessary  to  replenish  the  supply. 

The  quantity  of  niter  lost  in  the  working  of  a  chamber  pi;mt 
varies  greatly,  depending  largely  upon  (1)  the  adequacy  of  the  Gay- 
Lussac  tower  capacity  with  regard  to  the  chambers  and  to  the 
intensity  of  working.  (-2)  the  regularity  of  the  supply  and  con- 
centration of  the  gases  from  the  burners  or  other  source  of  supply, 
and  (3)  the  skill  of  the  operators  in  maintaining  regular  and  con- 
trolled reactions  in  the  chambers.  Even  with  the  best  practice  there 
is  always  some  lo>s,  partly  mechanical  and  partly  chemical.  The 
mechanical  loss  is  caused  by  small  amounts  of  some  of  the  oxides 
being  carried  through  the  Gay-Lussac  towers  by  the  waste  gases; 
also  a  small  amount  is  lost  by  solution  in  the  chamber  and  Glover 
tower  acid.  The  chemical  loss  is  due  to  the  formation  of  oxides 
which  are  not  dissolved  in  the  acid. 
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In  average  practice  in  this  country,  when  running  on  a  good  grado 
of  pyrite  or  a  brimstone,  tlic  niter  loss  is  around  4  per  cent  of  the 
sulphur  burned.  At  a  number  of  plants  the  consumption  is  less 
than  4  per  cent,  and  claims  have  been  made  that  certain  plants  have 
been  operated  for  a  period  of  months  with  less  than  2  per  cent 
niter  consumption.  A  niter  consumption  of  around  3  per  cent  may 
be  taken  as  very  good  practice. 

At  plants  utilizing  waste  gases  from  metallurgical  operations, 
the  niter  consumption  is  frequently  much  higher  and  at  one  plant 
has  been  as  high  as  8  or  9  per  cent  for  long  periods,  this  being  due 
to  the  widely  fluctuating  composition  of  the  gases. 

As  has  been  already  stated,  the  ideal  method  of  introducing  the 
necessary  niter  to  make  up  for  that  lost  is  by  "  potting  "  the  niter, 
allowing  the  distilled  nitric  acid  to  be  absorbed  by  sulphuric  acid 
maintained  at  a  temperature  to  prevent  loss  of  nitrogen  oxides,  and 
then  adding  this  mixture  to  the  Glover  tower.  Another  method  is 
to  add  the  nitric  acid  directly  to  the  Glover  tower. 

The  common  method  of  adding  the  niter  is  to  "  pot "  it,  the  nitric 
acid  being  introduced  directly  as  vapor  into  the  gases  as  they  pass 
along  the  flues  leading  to  the  Glover  tower.  Usually  the  nitric  acid 
vapor  is  generated  in  cast-iron  pots  placed  in  an  enlarged  part  of 
the  main  flue,  called  the  "  niter  oven,"  suitable  supports  for  the 
pots  being  provided.  Nitrate  of  soda  and  sulphuric  acid  are  charged 
into  the  niter  pot  and  the  reaction  between  the  two  is  aided  by  the 
heat  of  the  gases.  Shallow  cast-iron  pans  are  usually  provided  be- 
low the  pots  to  catch  the  material  that  boils  or  slops  over.  The  nitric 
acid  gas  issuing  from  the  pot  is  converted  into  nitrous  acid  gas  by 
the  sulphur  dioxide  in  the  gases.  The  liquid  residue,  "  niter  cake  " 
(XaHS04,  or  a  mixture  of  Na2S04,  H2S04  and  NaHSOJ,  is  tapped 
through  pipes  provided  for  the  purpose  into  molds.  The  use  of  this 
niter  cake  is  discussed  in  a  subsequent  connection  (p.  207).  The  main 
disadvantage  of  this  method  of  adding  the  niter  is  the  fact  that  the 
niter  is  added  in  large  "  doses  "  at  intervals.  In  a  large  plant,  of 
course,  where  a  number  of  pots  are  used,  the  charging  and  discharg- 
ing of  the  pots  can  be  so  regulated  as  to  produce  a  fairly  constant  and 
regular  supply  of  the  nitrous  oxides. 

In  some  plants,  the  standard  retort  as  used  in  the  manufacture 
of  nitric  acid  is  employed,  these}  retorts  being  placed  outside  the 
flue  and  fired  with  coal. 

At  the  plant  of  the  Tennessee  Copper  Co.  the  retorts  are  10  feet 
high  and  8  feet  in  diameter,  large  enough  to  cook  a  charge  of  8,000 
pounds  of  nitrate  of  soda.  The  nitrate  is  fed  automatically  and  at 
the  same  time  the  sulphuric  acid  is  added  in  the  requisite  amounts 
by  an  automatic  feeder  acting  in  conjunction  with  the  nitrate  feeder. 
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In  the  manufacture  of  nitric  acid  for  commercial  purposes  a 
certain  proportion  of  the  nitric  acid  produced  is  too  weak  or  too 
impure  to  be  marketable.  There  is  also  a  considerable  loss  of  non- 
condensed  oxides  of  nitrogen  both  in  the  manufacture  of  nitric  acid 
and  of  mixed  acid,  which  can  best  be  saved  by  passing  the  first  exit 
gases  through  a  scrubber  or  tower  and  absorbing  the  contained  ni- 
trous acid  in  sulphuric  acid,  forming  nitrous  vitriol.  This  weak  or 
impure  acid  and  the  nitrous  vitriol  can  be  utilized  for  supplying  the 
chambers  with  nitrous  acid  gases  by  means  of  the  Glover  towers. 

Nitrous  acid  gas  from  various  chemical  works,  and  the  spent  acid 
from  other  industries,  can  be  run  into  the  Glover  tower  and  utilized. 

COOLING  TANKS. 

The  sulphuric  acid  from  the  bottom  of  the  Glover  towers  will  be 
hot,  usually  about  120°  to  130o%C,  and  in  some  instances  when  the 
furnace  gases  are  especially  hot  and  the  volume  of  gases  is  large  for 
the  Glover  towers  the  temperature  ma}7  be  150°  C.  This  acid  must 
be  cooled  before  storage  or  before  being  used  in  the  Gay-Lussac 
tower  for  the  absorption  of  nitrous  oxides.  For  this  purpose,  cool- 
ing tanks  or  worms  are  usually  placed  near  the  Glover  towers  on  a 
level  below  the  bottom  of  these  towers,  so  that  the  acid  will  flow 
by  gravity  to  the  tanks  or  worms.  The  tanks  are  frequently  of 
wood,  lined  with  G-pound  lead,  containing  coils  of  1-inch  lead  pipe, 
provided  at  the  inlet  end  with  a  Buchner  or  silica  funnel  extend- 
ing down  into  the  end  of  the  coil  below  the  surface  of  the  water. 
In  this  way  the  hot  acid  is  not  delivered  to  the  lead  pipe  before  the 
pipe  is  cooled  on  the  other  side  by  water,  thus  reducing  the  wear 
and  tear  on  the  lead  coolers.  The  cooling  tanks  may  be  built  in  a 
group  with  lead  partitions.  The  various  turns  of  the  lead  coil  are 
separated  by  flat  iron  spreaders  which  are  suitably  bolted  together 
in  order  to  make  the  coil  a  rigid  unit. 

In  other  types  of  coolers,  where  water  is  abundant,  the  lead-lined 
tanks  are  filled  with  the  acid  and  the  cooling  water  is  circulated 
through  lead  coils.  The  coils  are  built  in  sections,  each  section 
being  independently  supplied  with  cold  water.  The  lower  coils  are 
kept  cooler  than  the  upper  and  the  cold  acid  collected  at  the  bottom 
of  the  tank  is  drawn  off  by  an  insulated  siphon  to  the  storage  tanks. 

Various  designs  of  coolers  are  in  use,  according  to  the  conditions 
at  the  different  plants,  but  the  general  principles  are  the  same. 

At  the  plant  of  the  Tennessee  Copper  Co.,  where  there  are  about 
3,G00  tons  of  acid  per  day  to  be  cooled  from  150°  to  35°  C,  there 
are  nine  coolers,  rectangular  in  shape,  the  inside  dimensions  being 
17  feet  long  by  8  feet  6  inches  wide  by  1  feet  8  inches  deep.  The 
framework  is  of  steel  channels  placed  edgewise  to  the  cooler,  sup- 
porting a  shell  of  15-pound  lead,  which  is  lined  with  9  inches  of 
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acid-proof  brick  laid  in  acid-proof  cement.  Each  cooler  contains  71 
coils  of  U-ineh  lead  pipe,  the  coils  being  12  inches  in  diameter.  In 
the  nine  coolers  there  are  more  than  6  miles  of  H-inch  lead  pipe. 
The  coolers  are  placed  in  two  terraces  so  that  the  acid  may  flow 
from  one  series  of  cooler  to  the  other. 

At  the  modern  plant  of  the  Calumet  &  Arizona  Mining  Co.,  the 
cooling  tanks  are  built  with  steel  frames,  and  are  lined  with  6-pound 
lead  sheeting,  which  is  also  lined  with  1  inches  of  duro  brick  laid  in 
duro  cement.  The  tanks  are  16  inches  by  99  feet  by  5  feet  and  each 
tank  contains  5,000  feet  of  lead  pipe,  1|  inches  in  diameter  with 
^-inch  walls.  Instead  of  being  built  in  large  coils,  the  lead  pipe  is 
in  small  coils  15  inches  in  diameter.  Each  coil  is  independent  of  the 
other.  These  coils  are  placed  in  tanks  with  the  central  axis  in  a 
vertical  position.     (See  Plate  X,  B,  p.  116.) 

In  general,  cooling  of  the  acid  is  required  only  for  the  Glover 
tower.  However,  at  plants  where  the  Gay-Lussac  tower  acid  is  to 
be  recirculated,  or  one  portion  of  it  is  used  in  an  intermediate  tower, 
frequently  this  acid  is  also  cooled. 

ACID  CIBCULATING  SYSTEM. 

The  amount  of  acid  that  must  be  circulated  around  a  chamber- 
plant  system  is  very  large.  The  amount  of  acid  used  over  the  Gay- 
Lussac  tower  will  vary  between  100  and  300  per  cent  of  the  acid  pro- 
duced in  the  chambers.  This  acid  must  be  pumped  to  the  top  of  each 
of  the  Gay-Lussac  towers,  where  there  are  more  than  one,  and  also 
pumped  to  the  top  of  the  Glover  tower.  In  addition,  part  or  all  of 
the  chamber  acid  is  pumped  to  the  top  of  the  Glover  tower,  and 
when  intermediate-reaction  towers  are  used,  there  is  also  more  or 
less  pumping  in  connection  with  these. 

For  pumping  and  circulating  these  quantities  of  acid,  various  de- 
vices have  been  employed,  chief  among  them  being  the  compressed- 
air  lift  in  connection  with  an  acid  "  egg "  or  "  blow  case."  The 
"  eggs "  are  usually  cast-iron  cylinders  of  different  sizes  having 
rounded  ends  and  supplied  with  three  pipe  openings.  The  "  egg  "  is 
filled  with  acid  through  one  pipe  containing  a  check  valve,  which 
prevents  return  of  the  acid  when  the  pressure  is  applied.  Compressed 
air  is  admitted  through  another  pipe.  A  third  pipe,  extending  to 
the  bottom  of  the  egg,  permits  the  acid  to  leave  the  vessel  under 
pressure,  followed  by  a  volume  of  air  equal  to  or  slightly  greater  than 
the  compressed  volume. 

The  Kestner  automatic  elevator  (fig.  13)  manufactured  by  the  Beth- 
lehem Foundry  &  Machine  Co.  has  been  used  for  years  at  many  of  the 
largest  acid  plants  with  satisfactory  results.  Acid  runs  from  tank  a 
through  the  valve  e  to  the  pulsometer  b.  When  this  is  filled,  the 
147,.)55°— 20 0 
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acid  lifts  up  the  float  /,  whereby  the  rod  c  opens  the  inlet  valve  in 

the  air  distributor  d  and  shuts  the  outlet  valve,  so  that  the  air  forces 

the  acid  upward  in  pipe  h.    Part  of  the  compressed  air  at 

last  enters  h,  thereby  lowering  the  pressure  in  b  and  the 

float  /  descends  and  opens  the  air  outlet,  the  air  inlet  being 

shut. 

Pulsometers  built  on  the  plan  of  the  Pohle  air-lift  for 
wells  are  favored  by  some  concerns  where  the  necessary 
depth  of  well  can  be  obtained  readily.    These  lifts  supply  a 

d 
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Figubi)  13. — Kestnev  acid  pump. 
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steady  stream  like  a  pump.,  have  no  mewing  parts,  and  thus  can  be 
made  practically  free  from  wear.  The  control  of  the  amount  of  acid 
being  pumped  is  reasonably  accurate.  Plate  XI  shows  an  adaptation 
of  the  Pohle  air  lift."  The  acid  is  lifted  in  stages  through  lead  pipes, 
the  distance  between  successive  receivers  being  15  feet,  and  the  total 
lift  in  each  column  being  15  feet.  The  compressed  air  is  introduced 
by  a  jet  just  above  the  bend  of  the  pipes,  the  acid  flowing  by  gravity 
from  the  receiver  and  being  lifted  by  the  air  to  the  next  receiver  above. 
The  lift  has  a  pumping  capacity  of  300  tons  to  500  tons  of  acid  per  21 
hours. 

Centrifugal  pumps  of  special  cast  iron  have  been  utilized  with 
excellent  success  for  low  lifts,  among*  these  being  antimonial-lead 
closed-runner  centrifugal  pumps,  lead-lined  closed-runner  centrif- 
ugal pumps,  and  duriron  pumps. 

A  new  acid-proof  pump  is  now  being  manufactured  by  G.  H. 
Elmore,  Colonial  Trust  Building,  Philadelphia,  Pa.  The  materials 
being  used  in  the  pump  are  acid-proof  stoneware  and  "  bario  metal," 
an  extremely  hard  alloy,  upon  which  it  is  claimed  the  acids  have  no 
effect.  The  pump  is  of  the  open-impeller,  side-suction  type,  made 
either  for  belt  or  motor  drive. 

Heavy-walled  lead  pipe  is  generally  used  throughout  the  chamber 
plant  for  the  transportation  of  weak  acid.  In  some  plants  lead- 
lined  iron  pipe  has  been  used,  also  special  types  of  iron,  such  as  cor- 
rosiron,  duriron,  and  tantiron.    Cast  iron  can  be  used  for  60°  B.  acid. 

At  the  plant  of  the  Tennessee  Copper  Co.,  where  the  amount  of 
acid  in  circulation  per  day  is  over  3,600  tons,  after  various  means  of 
circulating  the  acid  had  been  tried  it  was  concluded  that  although 
other  devices  may  have  lower  costs  for  power  consumed  yet  as 
regards  efficiency,  operating  labor  required  per  unit  of  acid  pumped, 
cost  of  repairs,  total  operating  cost,  and  freedom  from  interrup- 
tions, no  elevating  device  has  equaled  the  compressed-air  blow  case.* 
At  that  plant,  with  the  exception  of  the  chamber  acid,  for  which  the 
air  lift  is  used,  all  acid  lifting  is  done  by  means  of  blow  cases.  All  the 
blow  cases  are  made  of  riveted  wrought-iron  plates.  The  feed  and 
discharge  lines  of  these  blow  cases  are  6-inch  and  1-inch  iron  pipes, 
respectively. 

COST  OF   CHAMBER  PLANT. 

The  cost  of  construction  of  a  chamber  acid-plant  prior  to  the  war 
varied  between  $2,000  and  $3,000  per  ton,  60  B.  acid,  daily  capacity, 
depending  on  the  size  of  the  plant,  its  location,  and  the  general 

"  De  Kalb,  Courtenay,  Calumet  &  Arizona  sulphuric  acid  plant :  Min.  and  Sci.  Press, 
Mar.  30,  1918,  vol.  116,  p.  444. 

•Palrlie,  A.  M.,  Large-scale  sulphuric  acid  manufacture:  Chem.  and  Met.  Eng.,  vol.  19, 
Sept.  25,  1918,  pp.  404-406. 
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local  conditions  for  building.  During  1917  and  1918,  the  cost  in- 
creased to  about  $4,000  per  ton  capacity,  not  including  the  roasting 
and  burner  equipment.  Thus  a  plant  of  about  100  tons  capacity,  60° 
B.  basis,  is  estimated  to  cost  at  the  present  time  about  $500,000,  in- 
cluding the  roasters  or  sulphur  burners,  bins,  and  storage  tanks,  etc. 
The  same  plant  in  1911  would  have  cost  about  $300,000. 

COST  OF  MANUFACTURE  OF  CHAMBER  ACID. 

The  cost  of  manufacturing  sulphuric  acid  by  the  chamber  process, 
of  course,  varies  greatly  according  to  the  cost  of  raw  materials — ■ 
pyrite,  sulphur,  or  waste  gases,  and  sodium  nitrate — the  efficiency 
and  skill  of  operation,  and  to  a  considerable  extent  the  design 
and  the  construction  of  the  plant,  as  it  may  be  or  not  be  well  de- 
signed for  the  most  economical  operation. 

At  one  large  well-designed  plant,  exclusive  of  plant  amortization 
charges,  or  cost  of  sulphur-bearing  material,  but  including  cost  of 
roasting,  and  all  charges  for  operation  and  repairs,  labor  and  ma- 
terials, the  cost  of  producing  50°  B.  acid  under  1914  conditions  was 
not  more  than  $2  per  ton.  With  sulphur-bearing  material  at  15 
cents  per  unit  of  sulphur,  the  total  cost,  exclusive  of  amortization 
charges,  would  be  about  $5  to  $5.25  per  ton  of  acid  (50°  B.  basis). 

The  cost  of  concentrating  chamber  acid  to  60°  B.  strength  was  very 
small,  as  the  plant  was  well  designed,  having  ample  Glover  tower 
capacity  and  sufficient  heat  in  the  gases  for  the  purpose,  and  thus  the 
cost  of  producing  G0°  B.  acid  was  about  $2.60.  With  sulphur  at  15 
cents  per  unit,  this  makes  a  total  cost  of  about  $6.75  per  ton  of 
60°  B.  acid. 

During  the  latter  part  of  1918.  when  the  cost  of  sulphur  was  more 
nearly  30  cents  per  unit  at  acid  plants  and  the  price  of  labor  and 
supplies  had  gone  up  considerably,  the  cost  of  manufacturing  cham- 
ber acid  (60°  B.  basis)  at  the  above  plant  had  increased  to  about 
$13.50  per  ton.  of  which  $8.30  was  for  sulphur  and  $5.20  was  for 
sodium  nitrate,  operating  labor,  repairs,  and  supplies  and  general 
plant  overhead,  but  not  including  amortization  and  depreciation. 

The  cost  of  raw  material  (sulphur  gases)  at  plants  making  acid  as 
a  by-product  from  roasting  zinc  ores  is  much  smaller  than  at  plants 
operating  on  pyrite  or  sulphur,  being  in  some  instances  practically 
nothing,  but  the  operating  cost  is  usually  higher,  as  the  gas  concen- 
trations are  more  variable,  resulting  in  loss  of  nitrate  of  soda  and 
greater  wear  and  tear  on  the  chambers.  By-product  acid  from  zinc 
ore  has  been  made  for  less  than  $4  per  ton  (60°  B.  basis)  under 
pre-war  conditions. 
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At  a  large  acid  plant  in  the  west  where  concentrates  are  being 
roasted  for  the  sulphur  at  the  acid  plant  and  then  returned  to  the 
smelter  for  smelting,  the  cost  of  producing  fiO°B.  acid  in  1916  was 
between  $2.50  and  $3  per  ton,  of  which  about  $1  was  the  cost 
of  roasting.     By  1918  the  cost  had  been  raised  to  over  $5  per  ton. 

At  the  present  time  a  plant  producing  (>0°  B.  acid  for  $1  per  ton 
from  pyrite,  exclusive  of  the  cost  of  pyrite  or  of  plant  amortization 
and  depreciation,  is  doing  very  good  work.  With  brimstone  the 
manufacturing  cost  is  somewhat  less,  and  a  $3  cost  is  quite  possible. 

Thus,  with  pyrite  at  15  cents  per  unit  or  brimstone  at  18  or  19 
cents  per  unit,  the  cost  of  manufacturing  acid  (60°B.  basis)  at  a 
plant  of  at  least  100  tons  per  day  capacity  will  be  about  $8  to  $9  per 
ton.  The  following  example  shows  the  estimated  cost  of  manufac- 
turing acid  (60°  B.  basis)  at  a  100-ton  plant,  with  brimstone  at  18 
cents  per  unit  and  nitrate  of  soda  at  $4  per  100  pounds. 

Cost  p<  r  ton  of  acid. 

28  units  of  S  at  $0.18 ?5.  05 

Nitrate  of  soda,  3.0  per  cent,  equals  20  pounds .80 

Operating,  labor,  and  power .80 

Repairs  and  supplies •  TO 

Overhead  supervision,  insurance,  etc .65 

8.00 

PRODUCTION    OF    SULPHURIC    ACID    FROM    WASTE    GASES    AT 
COPPER  BLAST  FURNACES. 

The  production  of  sulphuric  acid  from  waste  gases  at  copper  blast 
furnaces,  as  practiced  at  the  plants  of  the  Tennessee  Copper  Co.  and 
the  Ducktown  Copper,  Sulphur  &  Iron  Co.,  presents  so  many  un- 
usual features  as  compared  with  the  ordinary  methods  of  manufac- 
ture that  a  brief  outline  of  the  practice  at  these  two  smelters  may 
well  be  given  here. 

Sulphuric  acid  may  be  manufactured  from  the  waste  gases  from 
blast  furnaces  only  where  pyritic  or  nearly  pyritic  smelting  is  prac- 
ticed.  Without  describing  in  detail  the  practice  of  pyrite  smelting, 
it  may  be  stated  that  this  method  of  smelting  involves  the  utiliza- 
tion as  completely  as  practicable,  as  fuel  for  the  smelting  process, 
of  the  sulphur  and  iron  contained  in  the  ore.  In  true  pyritic  smelting 
no  carbonaceous  fuel  is  used.  However,  the  term  has  been  used  to 
cover  those  cases  where  the  percentage  of  coke  used  in  the  charge  is 
less  than  6  per  cent,  this  coke  being  added  either  because  the  sulphur 
and  iron  content  of  the  charge  is  insufficient  to  provide  heat  for  the 
smelting  process,  or  because  it  is  impossible  to  utilize  all  the  sulphur 
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and  iron  efficiently.  The  use  of  coke  in  smelting,  of  course,  causes 
the  presence  of  carbon  dioxide  in  the  exit  gases,  and  the  amount  of 
carbon  or  coke  that  may  be  used  in  the  charge  if  sulphuric  acid  is 
to  be  made  from  the  gases  is  limited  by  the  relative  amounts  of  sul- 
phur dioxide  and  carbon  dioxide  which  will  be  made.  Too  high  a 
coke  content,  such  as  6  per  cent  or  more,  will  produce  a  gas  so  high 
in  carbon  dioxide  that  the  sulphur  dioxide  content  will  be  too  low 
for  acid  manufacture,  especially  when  the  sulphur  dioxide  concentra- 
tion is  still  further  diluted  by  air  to  give  the  necessary  oxygen  for 
carrying  on  the  process. 

The  factors  concerning  the  proper  proportions  of  carbon,  sulphur, 
and  iron  for  proper  metallurgical  results,  and  the  effect  of  variations 
in  these  constituents,  or  in  the  composition  of  the  gases,  are  discussed 
in  detail  in  an  article  by  Falding  and  Channing.  a 

If  only  sufficient  air  is  blown  into  the  furnace  to  provide  oxygen 
for  oxidizing  the  sulphur,  iron,  and  other  oxidizable  constituents  of 
the  charge  and  no  coke  is  used,  then  the  exit  gases  will  consist  of  sul- 
}Dhur  dioxide  and  nitrogen,  or,  if  coke  is  used,  the  gases  will  carry 
carbon  dioxide  with  the  sulphur  dioxide  and  nitrogen.  As  the  best 
metallurgical  results  are  obtained  when  very  little  or  no  excess  air 
is  blown  into  the  furnace  through  the  tuyeres,  there  being  an  exact 
equilibrium  between  the  oxygen  supplied  through  the  tuyeres  and  the 
oxidizable  content  of  the  charge,  the  exit  gases  under  perfect  metal- 
lurgical operation  will  contain  no  free  oxygen. 

For  many  reasons  it  is  technically  impossible  to  maintain  this 
equilibrium;  consequent!}'  the  composition  of  the  gases  issuing 
from  the  furnace  is  irregular  and  fluctuates  greatly.  Some  of  the 
conditions  tending  to  upset  this  balance  are  enumerated  as  follows : 

(1)  There  are  always  unavoidable  fluctuations  in  the  charge,  even 
when  the  ores  are  bedded  and  carefully  mixed.  (2)  Irregularities 
in  weighing  are  apt  to  exist.  (3)  The  charging  of  the  furnace  is 
intermittent,  with  the  result  that  for  a  period  immediately  after  the 
charge  has  been  dropped  there  is  present  in  the  furnace  more  sul- 
phur, iron,  and  coke  than  is  present  just  before  charging.  With  an 
excess  of  oxidizable  material  present  some  sulphur  may  volatilize, 
and  carbon  monoxide  form.  (4)  Occasionally  blowholes  form  and 
permit  air  to  escape  from  the  furnace  without  acting  on  the  iron, 
sulphur,  or  coke,  resulting  in  the  presence  of  free  oxygen  in  the 
exit  gases.  When  the  metallurgical  functions  of  the  furnace  are  at 
their  best,  as  when  the  smelting  is  going  on  smoothly,  charges  are 
being  carefully  prepared  and  weighed  and  are  being  fed  regularly, 
no  blowholes  or  furnace  crusts  are  present,  and  the  gases  are  rising 

°  Falding,  F.  J.,  and  Channing,  J.  P.,  Pyrite  smelting  and  sulphuric  acid  manu- 
facturer :  Eng.  and  Min.  Jour.,  Sept.  17,  1910,  vol.  90,  pp.  555-558. 
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iv  through  the  furnace  charge.  Then  fchere  is  practically  no 
free  oxygen  and  no  carbon  monoxide  present  in  fcl. 

"When  several  furnaces  are  in  operation,  discharging  into  a  com- 
mon Hue,  it  is  much  easier  to  maintain  a  gas  production  of  suitable 
concentration  and  uniformity  for  making  acid  than  with  only  ono 
furnace  in  operation. 

A  general  misapprehension  relative  to  the  production  of  sulphuric 
acid  from  blast-furnace  gases  is  that  the  sulphur  costs  nothing. 
This  is  hardly  true.  The  operation  of  a  blast  furnace,  or  blast 
furnaces,  in  connection  with  an  acid  plant  involves  certain  items 
of  expense  which  would  not  be  incurred  if  control  of  the  composi- 
tion of  the  gases  as  they  pass  into  the  flues  were  unnecessary.  Of 
course,  the  extra  care  demanded  in  the  management  of  the  furnaces 
is.  to  a  large  extent,  repaid  by  the  better  metallurgical  results  ob- 
tained with  the  furnace.  However,  the  cost  of  manufacturing  acid 
from  smelter  gases  is  higher  than  from  gases  derived  from  burning 
pyrite  or  brimstone.  On  account  of  the  fluctuating  composition  of 
the  gases,  when  using  blast-furnace  gases,  it  is  almost  impossible  to 
realize  as  high  an  efficiency  of  the  niter.  By  careful  supervision  and 
frequent  and  regular  analyses  of  the  gases,  it  has  been  found  possible 
to  reduce  the  niter  consumption  to  a  figure  much  lower  than  was 
obtained  when  plants  were  first  operated  on  blast-furnace  ga.->es,  but 
even  under  this  careful  technical  supervision  the  niter  consumption 
is  between  6  and  8  per  cent  as  against  3  or  -i  per  cent  in  most  com- 
mercial burner  plants.  Furthermore,  in  order  to  obtain  this  result 
it  is  necessary  to  provide  unusually  large  Gay-Lussac  tower  capacity. 
In  the  usual  burner  plant  a  Gay-Lussae  tower  capacity,  equal  to  2 
or  3  per  cent  of  the  chamber  capacity,  is  adequate  for  recovering  85 
to  90  per  cent  of  the  niter,  but  in  plants  using  blast-furnace  gases  it 
is  necessary  to  provide  at  least  6  per  cent.  The  presence  of  such 
a  large  percentage  of  C02  in  the  gases  also  increases  the  chamber 
space  necessary  for  the  conversion  of  a  definite  weight  of  sulphur 
dioxide,  above  that  required  in  a  commercial  plant,  and  thus  the  in- 
terest, depreciation,  and  maintenance  charges  per  ton  of  acid  pro- 
duced are  greater. 

PLANTS  AT  COPPERHILL  AND  ISABELLA,  TENN. 

The  ores  treated  at  the  plants  of  the  Tennessee  Copper  Co.  and  the 
Ducktown  Copper,  Sulphur  &  Iron  Co.  at  Copperhill  and  Isabella, 
Tenn..  consist  essentially  of  pjTrhotite  with  only  a  small  proportion 
of  pyrite.  The  copper  mineral  present  is  chalcopyrite.  The  ores 
also  carry  about  4:  per  cent  zinc  blende.  The  gangue  material  con- 
sists of  silicates,  calcite,  dolomite,  and  some  magnetite. 
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A  typical  ore  at  the  plant  of  the  Ducktown  Copper,  Sulphur  & 
Iron  Co.  -would  analyze  as  follows:0 

Mineral  analysis. 

Per  cent. 

Pyrrhotite   20.  50 

Pyrite 5.  82 

Chalcopyrite 7.  89 

Blende 4.  23 

Magnetite 7.  73 

Quartz 15.  59 

Silicates 22.  74 

Calcite    2. 16 

Dolomite    3.56 

Q  ualita  t  i  re  an  a  lysis. 

Copper   (Cu) 2.74 

Iron   (Fe) 30.37 

Sulphur   (S) IS.  87 

Silica    (Si02) 26.96 

Lime    (CaO) 1.67 

Magnesia  (MgO) 2.  97 

Manganese    (Mn) 2.  80 

Alumina    (AU)*) 2.91 

The  ores  smelted  by  the  Tennessee  Copper  Co.  in  1917  analyzed 
about  as  follows : 

Composition  of  ore  smelted  by  Tennessee  Copper  Co. 

Per  cent. 

Copper    (Cu) 1.5 to   2.5 

Sulphur    (S) 19.  0  to  30.  0 

Iron    (Fe) 23.  0  to  38.  0 

Silica    (SiOa) 14.  0  to  30.  0 

Calcium    (Ca) 4.  0  to    5.5 

Magnesia    (MgO) 1.  2  to    2.4 

Alumina    (A1203) 3.  5  to    4.6 

Of  the  two  plants  that  of  the  Tennessee  Copper  Co.  is  the  larger. 
At  this  plant  the  ore  is  smelted  in  furnaces  measuring  258  inches  by 
56  inches  at  the  tuyere  level,  each  handling  about  400  tons  daily,  "with 
a  coke  consumption  ranging  between  4  and  6  per  cent.  There  are  four 
of  these  furnaces  installed,  but  not  more  than  three  are  operated  at 
one  time. 

About  85  to  87  per  cent  of  the  total  sulphur  in  the  charge  is  oxidized 
to  sulphur  dioxide,  the  rest  going  into  the  matte.  On  account  of 
gas  leakage  from  the  furnace  tops  and  of  other  losses,  the  propor- 
tion of  sulphur  actually  utilized  in  the  acid  is  only  about  G5  to  70  per 
cent  of  the  total,  or  between  75  and  80  per  cent  of  the  sulphur  oxi- 
dized. The  gases  issuing  from  the  top  of  the  charge,  under  good 
conditions  of  furnace  operation,  average  about  8  to  9  per  cent  S02, 

a  Larison,  E.  L.,  Sulphuric  acid  from  copper  smelting  gases  :  Eng.  and  MIn.  Jour.,  vol. 
102,  Dec.  30,   1916,  pp.   1121-1125. 
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6  to  7  per  cent  CO..,  and  less  than  1  per  cent  CO,  the  difference  being 
nitrogen.  As  these  gases  contain  no  oxygen,  it  is  necessary  to  admit 
air  enough  to  carry  on  the  acid-making  process  and  to  provide  some 
oxygen  in  the  exit  gases.  This  necessary  air  is  admitted  at  several 
points  in  the  system  by  a  low-pressure  blast.  If  the  tops  of  the  fur- 
nace were  operated  under  suction,  of  course  there  would  be  plenty  of 
oxygen  drawn,  in;  but  as  suction  affords  little  control  of  air  admis- 
sion, it  is  best  to  make  the  furnace  top  as  nearly  air-tight  as  possible 
to  maintain  as  nearly  neutral  a  draft  condition  as  possible  in  the 
furnace  above  the  charge  and  to  provide  the  necessary  air  by  a  posi- 
tive blower.  However,  it  is  a  difficult  matter  to  adjust  the  draft  at 
the  furnace  tops  to  maintain  nearly  neutral  conditions,  and  there  is 
usually  some  leakage  of  "  false  air  "  into  the  flues,  or  a  back  pressure, 
making  working  conditions  on  the  charging  floor  of  the  furnace 
rather  disagreeable.  Air  is  blown  m  at  the  flue  between  the  furnace 
and  the  Glover  towers,  and  each  chamber  is  fitted  with  air  lines  and 
valves  for  regulating  the  admission  of  air,  so  that  an  oxygen  content 
of  between  3  and  1  per  cent  is  maintained  throughout  the  system. 

In  the  first  installation  at  Copperhill  the  chambers  were  built  along 
the  lines  of  Falding's  theories,  some  of  the  chambers  being  77  feet 
high.  In  all  there  were  31  chambers,  having  a  total  capacity  of 
about  4,000,000  cubic  feet.  Subsequently  a  second  plant  with  four 
huge  chambers,  having  a  total  chamber  space  of  2,228,000  cubic  feet, 
was  erected,  making  the  total  chamber  space  for  the  plant  more  than 
6,000,000  cubic  feet.  During  the  war  the  plant  produced  as  much 
as  1,000  tons  of  acid  (50°  B.  basis)  per  day.  The  original  installa- 
tion has  been  described  in  detail  by  Stevens0  and  Nelson6  and  the 
recent  improvements  by  Fairlie.c 

The  plant  of  the  Ducktown  Copper,  Sulphur  &  Iron  Co.**  was  built 
more  along  conventional  lines.  There  were  16  chambers,  each  21  by 
96  feet  by  3  feet  high,  connected  eight  to  a  set,  with  special  flue  con- 
nections designed  to  mix  thoroughly  and  cool  the  gases  and  to  prevent 
segregation  of  carbon  dioxide. 

This  plant  has  been  operated  from,  one  blast  furnace  for  long 
periods.  A  novel  temperature-controlling  device  in  use  in  connec- 
tion with  the  dust-cleaning  system  seems  to  overcome  some  of  the 
difficulties  incident  to  operating  a  plant  from  a  single  blast  furnace. 

°  Stevens,  II.  J.,  Copper  hand  hook,  Tennessee  Copper  Co..  Tenn.  :  vol.  10,  1910—11, 
pp.  1661-1667. 

6  Nelson,  W.  A.,  Manufacture  of  sulphuric  acid  in  Tennessee  for  1911:  Resources  of 
Tennessee,  Tennessee  Ceol.  Survey,  vol.  2,  1912,  pp.  23-24. 

e  Fairlie,  A.  M.,  Large-scale  sulphuric  acid  manufacture,  Chem.  and  Met.  Eng.,  vol.  19, 
Sept.  25,  1918,  p.  404. 

d  For  detailed  description  of  this  plant,  see  "  Smeltery  smokes  as  a  source  of  sulphuric 
acid."  by  W.  H.  Froeland  and  C.  W.  Renwick,  Eng.  and  Min.  Jour.,  vol.  89,  May  28,  1910, 
pp.    1116-1120. 
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One  of  the  adverse  factors  in  the  manufacture  of  acid  at  these 
plants  is  the  presence  of  zinc  oxide  and  sulphates  in  a  very  finely 
divided  impalpable  fume  carried  along  by  the  gases.  This  fume 
does  not  settle  out  readily  in  the  dust  chambers,  but  is  carried  over 
into  the  Glover  towers  and  into  the  acid  chambers,  tending  to  clog 
the  gas  passages  and  flue-,  contaminate  the  acid,  and  clog  the  cir- 
culating pumps.  In  order  to  remove  as  much  of  the  zinc  fume  as 
possible,  special  dust-collecting  devices,  or  chambers,  containing  baf- 
fles or  channel  irons  to  aid  precipitation  by  offering  contact  sur- 
faces, have  been  installed.  Metallic  zinc  is  now  being  recovered 
from  the  fume.  In  spite  of  these  devices,  however,  some  zinc  fume 
goes  through  into  the  chambers,  and  the  "  front-chamber  "  acid  pro- 
duced by  these  plants  at  times  is  "dirty"  or  "  sludgy."  A  largo 
proportion  of  the  product  has  satisfactory  clearness  and  purity. 

PURIFICATION    OF    CHAMBER    ACID. 

With  the  exception  of  lead  sulphate,  nearly  all  the  impurities 
of  chamber  acid  are  brought  into  the  system  by  the  burner  gases, 
,  and  the  character  and  amount  of  such  impurities  depend  largely 
epon  the  kind  of  raw  material  being  used. 

The  impurities  consist  of  various  oxides  of  arsenic,  antimony, 
selenium,  lead,  iron,  zinc,  copper,  lime,  aluminum,  fluorine,  together 
with  nitrous  and  nitric  acid,  nitric  oxide,  and  organic  matter. 

Most  of  the  impurities  not  collected  in  the  dust  chambers  are 
mechanically  deposited  as  sediment  in  the  Glover  towers,  or  in 
the  first  chamber.  Even  when  the  "first-chamber"  acid  is  dirty 
it  is  usually  possible  to  obtain  from  the  back  chambers  a  sufficiently 
pure  acid  for  most  manufacturing  purposes.  At  most  phosphate  fer- 
tilizer plants,  the  presence  of  impurities  in  the  proportions  usually 
found  is  not  important  and  no  attempt  is  made  to  purify  the  acid. 

The  nitrous  compounds  are  removed  by  heating  the  acid  with  0.1 
to  0.5  per  cent  of  powdered  ammonium  sulphate  present. 

Most  acid  plants  making  acid  for  precise  manufacturing  pur- 
poses exercise  great  care  in  the  selection  of  pyrite  and  have  effective 
dust -collecting  systems,  or  use  brimstone,  so  that  the  amount  of  im- 
purities getting  into  the  acid  is  very  small. 

However,  at  some  plants  where  there  is  a  decided  advantage,  as 
regards  costs  of  production,  in  using  waste  gases  from  desulphuriz- 
ing impure  sulphides,  especially  zinc  blende  and  arsenical  copper 
sulphates,  it  is  desirable  to  purify  part  or  all  of  the  output  of  acid. 

\\  nen  the  impurities  are  solid  particles  held  in  suspension,  it  is 
usually  possible  to  clarify  the  acid  by  allowing  it  to  stand  in  settling 
chambers  and  then  siphon  or  pump  the  clear  acid  from  above  the 
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settled  material.  Seme  impurities  remain  in  solution  and  ret 
chemical  treatment.  The  most  troublesome  of  all  are  arsenic  and 
selenium.  The  latter  can  be  precipitated  by  the  addition  of  a  small 
quantity  oi  potassium  chloride.  Arsenic  is  present  usually  in  much 
larger  quantities,  the  content  varying  up  to  even  0.5  per  cent,  and 
unless  practically  eliminated  will  contaminate  all  products  manu- 
factured! from  the  acid.  Thus,  with  the  stringent  requirements  of  the 
pure  food  and  drug  act.  the  dearsenication  of  sulphuric  acid  is  im- 
portant. Arsenic  is  removed  by  the  use  of  hydrogen  sulphide  (TI..S) . 
Three  types  of  apparatus  are  used  for  the  purpose,  as  follow^ : 

1.  The  old  type  of  tower  in  which  the  H,S  gas  ascends  a  lead-lined 
tower,  specially  packed,  and  meets  a  downward  stream  of  weak 
chamber  acid.  This  method  is  costly,  wasteful  of  H2S,  and  requires 
considerable  dilution  of  the  acid. 

2.  The  intermittent  method,  using  closed  vessels  and  blowing  H2S 
gas  into  the  vessel  under  pressure.  This  method  permits  precipita- 
tion of  the  arsenic  from  acid  of  fairly  high  strength  and  therefore 
saves  subsequent  concentration.  It  requires  a  considerable  exces.s 
of  H2S. 

3.  The  modern  "  Trepex "  machine  is  continuous  in  operation, 
the  raw  acid  being  agitated  by  revolving  propellers  or  paddles  and 
coming  into  intimate  contact  with  the  H2S  gas.  The  agitation  also 
prevents  settling  of  the  arsenic  sulphide.  A  "  Trepex  "  machine  con- 
sists of  an  iron  drum,  which  is  divided  into  sections.  The  drum  is 
lined  with  a  special  enamel  that  is  very  resistent  to  acid  up  to  200°  C. 
Vent>  in  each  section  are  so  placed  that  the  sulphuric  acid  runs  from 
one  section  to  another  until  it  reaches  the  outlet  pipe,  thence  it  goes 
to  a  settler  or  to  a  filter  tank,  where  the  arsenic  sulphide  is  com- 
pletely filtered  out.  The  filter  tanks  usually  have  false  bottoms  with 
a  grid  composed  of  heavy  plank  and  covered  with  lead  or  acid-proof 
brick,  having  communicating  gutters  underneath.  The  grid  is  cov- 
ered with  pieces  of  quartz  and  then  with  finer  material.  The  upper 
layers  are  ordinary  sand  over  which  a  perforated  lead  sheet  is  placed 
to  prevent  disturbing  the  arsenic  sulphide  when  the  filter  is  cleaned. 
The  filtering  layer  thus  formed  is  finally  covered  with  a  layer  of  dry 
arsenic  sulphide.  For  light  arsenical  ores  the  porous  type  of  filter 
is  in  considerable  use.  This  filter  is  composed  of  porous  tiles,  jointed 
by  suitable  mortar  (such  as  silicate  of  soda  and  water  thickened 
■with  "  lava  "  or  "  volvic  "  stone). 

The  excess  of  hydrogen  sulphide  from  the  machine  is  either  ab- 
sorbed by  caustic  soda  solution  or  milk  of  lime.  The  hydrogen  sul- 
phide is  generated  by  treating  ferrous  sulphide  with  warm  dilute 
acid  (20  to  40  per  cent  H^SOJ  in  a  suitable  generator  constructed 
similar  to  an  ordinary  Kipp  generator. 
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The  dearsenicators  range  in  size  from  20  to  500  ton  capacity 
weekly.  The  advantages  of  the  Trepex  machine  over  the  other 
forms  of  dearsenicators  are  (1)  small  initial  expense  and  small  op- 
erating cost,  (2)  effective  use  of  H2S  and  practically  complete  elim- 
ination of  arsenic  compounds,  and  (3)  large  continuous  output  at 
low  cost. 

The  Trepex  machine  was  developed  by  the  Davis  Bros.,  Manches- 
ter, England,  and  was  introduced  into  this  country  by  the  Industrial 
Research  Corporation,  New  York  City. 

For  the  precipitation  of  arsenic  in  the  Trepex  machine,  the  acid 
must  be  diluted  to  about  65  per  cent  or  53°  B.  The  purified  acid 
can  not  be  reconcentratecl  by  evaporation  in  the  Glover  towers,  as  it 
would  be  again  contaminated  by  the  impurities  in  that  tower.  Thus, 
Avhenever  acid  is  to  be  purified  the  usual  procedure  is  to  take  the 
acid  directly  from  the  chambers,  and  then  after  purification  to  con- 
centrate the  acid  in  special  types  of  concentrators. 

As  this  operation  is  of  minor  importance,  or  not  practiced  at  all 
at  most  plants  in  this  country,  further  discussion  will  not  be  given 
here.  An  excellent  description  of  the  management  and  control  of  a 
plant  for  the  dearsenication  of  sulphuric  acid  is  given  by  Cory.a 

One  method  of  removing  arsenic  from  acid  is  by  precipitation  with 
barium  sulphide.  This  method,  however,  is  rarely  used.  Its  ad- 
vantages are  that  (1)  the  barium  is  itself  precipitated  as  sulphate 
and  thus  adds  greatly  to  the  weight  and  density  of  the  precipitate, 
and  (2)  all  other  soluble  material  is  precipitated.  To  precipitate 
with  barium  sulphide,  however,  the  acid  must  be  diluted  to  50  per 
cent  strength,  and  then  heated  to  80°  C. 

With  the  removal  of  the  arsenic  by  either  the  H2S  or  BaS  pre- 
cipitant, practically  all  other  impurities  except  iron  and  aluminum 
are  removed  at  the  same  time  and  the  acid  is  even  clarified  from  inert 
suspended  matter. 

At  new  chamber  plants,  uncontammated  by  impurities  from  py- 
rite,  etc.,  it  is  possible  to  make  clear  acid  by  the  use  of  brimstone; 
but  to  produce  a  thoroughly  pure  clear  white  acid  from  impure 
pyrite  or  other  impure  materials  it  is  necessary  to  use  a  distilla- 
tion method  of  purification  or  to  make  acid  by  the  contact  process. 

CONCENTRATION  OF  CHAMBER  ACID  TO  60°  B.  STRENGTH. 

Attention  has  already  been  called  to  the  fact  that  with  the  proper 
use  of  the  Glover  tower  the  whole  output  of  chamber  acids  can  be 
concentrated  from  50°  B.  to  60°  or  62°  B.  The  chief  advantages  of 
this  system  over  any  other  method  of  concentration  are  that  (1)  the 

a  Cory,  II.  E.  J.,  Dearsenication  of  sulphuric  acid.  Scientific  management  and  control : 
Chem.  Trade  Jour,  and  Chem.  Engineer,  vol.  62,  Feb.  2,  1918,  pp.  89-90. 
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heat  of  the  combustion  of  the  pyrite  or  brimstone  is  utilized  for  the 
purpose  rather  than  expensive  fuel.  (2)  the  steam  thereby  produced 
is  returned  to  the  system  where  needed  in  the  lead  chambers,  and 
(3)  all  weak  acid  distillate-  are  returned  to  the  system  without  loss  or 
additional  cost  for  concentration. 

The  only  drawback  to  this  method  is  the  impurity  of  the  acid 
when  produced  at  plants  burning  pyrite  or  other  metallic  sulphides. 

For  concentrating:  chamber  acid  directly  to  60°  B.,  or  for  reconcen- 
trating  purified  acid  to  60°  B.,  evaporation  has  been  effected  in  leaden 
pan  evaporators,  heated  either  by  a  direct  fire,  by  steam,  or  by  waste 
heat  from  the  pyrite  burners.  In  some  installations  the  hot  gases 
passed  directly  over  the  pans  and  in  others  the  pans  were  heated 
from  the  bottom.  The  first  method  produces  the  most  rapid  rate 
of  evaporation,  but  is  not  employed  when  clear  acid  is  desired,  as  the 
hot  gases  are  apt  to  leave  dust  or  soot  on  the  surface  of  the  acid. 
Various  forms  of  lead-pan  evaporators,  with  various  methods  of 
firing,  have  been  used  in  the  past  for  the  concentration  of  acid  to 
C>0°  B.,  but  as  the  method  is  seldom  used  in  this  country  now  and 
the  tonnage  of  acid  concentrated  in  this  way  is  comparatively  small, 
further  discussion  will  not  be  given  here.  Details  of  lead-pan  evap- 
oration of  acid  to  CO0  B.  are  given  by  Lunge.0 

CONCENTRATION    OF   SULPHURIC    ACID    TO    66°    B.    STRENGTH   BY 

HEAT. 

Although  commercial  "oil  of  vitriol"  (66°  B.  acid)  can  now  be 
made  more  cheaply  by  the  contact  process  than  by  the  heat  con- 
centration of  chamber  acid  or  of  60°  B.  acid,  yet  in  certain  plants 
in  this  country  this  higher-strength  acid  is  being  made  by  the  con- 
centration of  the  weaker  acids.  During  the  Avar,  when  the  demand 
for  higher-strength  acid  was  great  and  the  price  was  high,  con- 
centrators were  put  in  and  utilized  at  various  plants.  With  the 
end  of  the  war,  many  of  these  concentrating  plants  have  been  shut 
down.  However,  as  a  certain  amount  of  66°  B.  acid  is  now  being 
produced  and  for  various  reasons  will  continue  to  be  produced  by 
the  heat  concentration  of  chamber  acid,  a  description  of  the  more 
modern  concentrators  is  desirable.  These  concentrators  are  used 
also  for  concentrating  waste  acids  or  spent  acids  from  the  manufac- 
ture of  explosives,  dyes,  and  various  other  products  in  the  manufac- 
ture of  which  sulphuric  acid  is  used  as  a  dehydrating  agent.  A 
small  amount  of  acid  has  been  concentrated  to  98  per  cent  strength 
by  heat  concentration,  but  if  strengths  higher  than  95  per  cent  are 
required  it  is  much  more  economical  to  bring  up  the  strength  of 
66°  B.  acid  (93.18  per  cent  H2S04)  by  adding  fuming  acid  or  oleum. 

•  Lunge,  George,  Sulphuric  acid  and  alkali,  vol.  1,  pt.  3,  1913,  pp.  1079-1193. 
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Sulphuric  acid  can  be  concentrated  by  evaporation  up  to  9S.3  per 
cent  H2S04,  at  which  concentration  it  possesses  its  highest  boiling 
point,  338°  C,  and  can  be  distilled  without  decomposition.  Acid 
of  higher  strength  than  this  decomposes  under  heat  and  gives  S02, 
H2Os  and  O. 

CONCENTRATION  IX  STILLS. 

Formerly  considerable  acid  was  concentrated  in  stills  heated  ex- 
ternally by  waste  gases  or  by  coal  fire.  These  stills  were  made  of 
glass,  porcelain,  or  platinum,  and  finally  of  special  cast  iron.  Glass 
and  porcelain  stills  were  early  discarded  because  of  the  heavy  break- 
age involved.  Large  quantities  of  acid  have  been  evaporated  in 
former  years  in  platinum  stills,  but  as  the  cost  of  platinum  became 
greater  and  greater,  the  cost  of  these  stills  became  prohibitive. 
Furthermore,  the  hydrogen,  carbon,  sulphur,  and  silica  present  in 
the  heating  gases  cause  deterioration  of  the  platinum,  and  various 
impurities  in  the  acid  also  cause  slight  chemical  reactions,  so  that 
the  cost  of  maintenance  became  increasingly  greater  as  the  cost  of 
platinum  rose. 

Cast-iron  stills  have  been  used  successively  for  the  higher  concen- 
tration of  acid,  that  is,  from  66°  B.  (93.18  per  cent)  even  to  98  per 
cent.  Below  66°  B.  the  action  of  acid  on  ordinary  cast  iron  is  very 
severe  and  the  life  of  a  still  was  usually  less  than  three  or  four 
months.  Special  grades  of  cast  iron  high  in  silicon  are  now  made — > 
namely,  corrosiron,  duriron,  and  tantiron — which  have  a  greater  re- 
sistance to  such  strength  of  acid,  and  pans  of  these  special  irons  are 
now  successfully  employed  as  concentrating  stills. 

In  one  modern  installation  the  stills  were  of  duriron,  were  kettle- 
shaped,  about  4  feet  in  diameter  and  2  feet  deep,  with  flat  tops  to 
allow  setting  them  in  the  brick  walls  so  as  to  be  almost  entirely  sur- 
rounded by  fire  space.  Tops  were  provided  for  these  stills  to  lead 
the  vapors  to  a  condenser  of  lead. 

Cast-iron  stills  are  built  in  various  shapes.*  In  some  types  pro- 
vision is  made  for  cascading  the  acid  through  several  shallow  stills, 
each  being  provided  with  partitions  to  force  the  acid  to  travel  in 
zigzag  manner  and  thereby  expose  it  to  the  heat  more  efficiently. 

The  greatest  cause  for  deterioration  of  the  still  is  by  the  formation 
of  a  "  scale"  or  deposit  of  ferric  sulphate  on  the  bottom.  This  scale 
not  only  decreases  the  efficiency  of  the  still,  but  causes  local  over- 
heating of  the  iron  beneath  the  "  scale  "  and  subsequent  burning  or 
cracking.  Thus,  provision  must  be  made  for  cleaning  the  stills 
either  through  a  "mud  drum"  in  the  bottom  or  by  access  to  the 
still  from  above. 


a  Lunge,  George,  Sulphuric  acid  and  alkali,  vol.  1,  1913,  pt.  3,  pp.  1158-1179. 
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More  fuel  is  required  for  the  concentration  of  acid  in  east  iron 
than  in  platinum.     As  against  a  coal  consumption  of  approximately 

20  per  cent  in  platinum  stills,  the  consumption  of  coal  in  concen- 
trating acid  from  60  to  06°  B.  in  cast-iron  pans  is  about  30  per  cent. 

Kessler's  still,  described  by  Lunge"  and  by  Rogers,6  in  which  con- 
centration was  effected  by  the  heat  from  a  coke  fire  or  producer  gas, 
was  tried  in  this  country  about  1900,  but  its  use  has  not  been  general. 
From  the  Kessler  still  has  been  developed  the  modern  tower  con- 
centrator which  is  described  on  subsequent  pages  (pp.  139). 

With  the  advent  of  successful  modern  tower  concentrators  the 
use  of  the  cast-iron  stills  has  become  less  and  less  important. 

(OXTIXUOUS    CASCADE   CONCENTRATORS. 

The  continuous  cascade  concentrator  was  originated  in  England, 
and  at  first  consisted  of  four  or  five  glass  retorts  arranged  in  cas- 
cade over  a  coal  or  a  gas  fired  furnace.  Porcelain  dishes  set  in  an 
acid-proof  brick  chamber  were  later  substituted  for  glass  retorts. 
One  of  the  most  serious  drawbacks  to  this  system,  whether  using 
glass  or  porcelain,  was  the  heavy  breakage  of  the  pans  and  the  dif- 
ficulty of  getting  high  fuel  efficiency:  hence  the  system  was  not 
generally  adopted. 

With  the  development  of  vitreosil  (fused  silica)  in  1906,  there 
was  a  more  general  adoption  of  the  use  of  cascade  systems,  and 
several  were  installed  in  this  country.  The  largest  is  at  the  plant  of 
the  Davison  Chemical  Co.,  at  Baltimore,  Md. 

An  elevation  of  a  concentrating  plant  with  the  cascade  system''  is 
given  in  figure  11. 

The  upper  pans  are  21  inches  by  12  inches,  and  the  dishes  are  12| 
inches  in  diameter.    In  a  unit  to  produce  10  tons  of  66°  B.  acid  per 

21  hours  from  50°  B.  acid,  there  would  be  60  preheating  pans  and  100 
dishes,  the  pans  arranged  in  six  rows  of  ten  pans  each,  and  the  dishes 
in  four  rows  of  25  dishes  each.  All  the  pans  and  dishes,  except  the 
last  three  dishes  in  each  row  at  the  lower  end  of  the  system,  are 
supported  in  open  seats  and  are  directly  exposed  to  the  fire  gases. 
The  last  three  dishes  have  closed  seats  in  order  to  provide  protec- 
tion to  the  seating  from  the  boiling  and  spurting  of  the  acid  in  the 
dishes.  Natural  -draft  furnaces  burning  soft  coal  are  in  general  use, 
the  fuel  consumption  being  about  17  per  cent,  based  on  the  weight  of 
the  finished  product.  Breakage  of  the  dishes  amounts  to  about  5 
per  cent,  and  of  the  pans  to  about  1  per  cent  per  annum.     Vitreosil 

■  Lunge,  George,  Sulphuric  acid  and  alkali,  vol.  1,  pt.  3,  1913,  pp.  1142-1149. 

"Rogers,  Allen,  and  Aubert,  A.  B.,  Industrial  chemistry,  2d  edition,  1015,  Chap.  I,  Gen- 
eral process  and  materials,  pp.   1-31. 

•  Marshall,  A.  E.,  Fused  silica  dishes  for  the  concentration  of  sulphuric  acid  :  Met.  and 
Chem.  Eng.,  vol.  13,  Mar.,  1915,  pp.  136-137. 
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has  a  very  low  coefficient  of  expansion,  about  one-sixth  of  that  of 
porcelain.  Thus  vitreosil  dishes  do  not  break  through  temperature 
changes,  no  mailer  how  severe.  This  resistance  to  temperature 
changes  permits  the  vitreosil  dishes  to  be  directly  exposed  to  the 
fire  gases  in  open  seatings,  thus  permitting  higher  fuel  econonry  than 
when  the  dishes  must  be  protected  from  the  direct  flame  by  slabs 
or  other  means. 

With  this  type  of  concentrator  the  loss  of  acid  fume  or  mist  is  rela- 
tively very  high  unless  apparatus  for  the  recovery  of  the  fume  are 
installed.  Coke  towers  have  usually  been  installed  for  the  purpose 
until  the  advent  of  electrical  precipitation.  These  are  described 
later. 

The  cost  of  concentrating  with  this  type  of  concentrator  in  a  10-ton 
unit  is  about  as  follows  per  ton  of  66°  B.  acid  from  60°  B.  acid: 

Coal,  IT  per  cent,  at  $5  per  ton $0.85 

Labor ' 1.  25 

General  expense  and   repair 1.  00 

Loss    •    :  per  cent  of  acid,  assuming  60°  B.  acid=i?8  per  ton_  .30 

Total,  per  ton  of  G6°  B.  acid 3.40 

Cascade  systems  may  be  made  having  pans  made  of  alloys  of  iron, 
such  as  duriron,  tantiron,  and  corrosiron.  These  pans  may  be  open 
and  provided  with  lips  for  the  acid  to  cascade  from  each  basin  to 
the  lower  one  ahead  and  becoming  more  and  more  concentrated  in 
each  basin.  These  can  be  placed  in  a  flue  with  acid  brick  setting 
and  heated  from  below  as  in  the  operation  of  vitreosil  pans. 

CHEMICO  CONCENTRATOR  OF  THE  CHEMICAL  CONSTRUCTION   CO. 

The  principal  apparatus  of  the  chemico  concentrator  (see  fig.  15), 
consists  of  a  combustion  chamber,  a  concentrating  flue,  concen- 
trating tower,  filter  and  scrubbing  tower,  all  of  wdiich  are  constructed 
of  acid-proof  masonry,  well  braced  with  steel  framing,  and  supported 
on  concrete  or  brick  foundations  at  a  suitable  height  above  the 
ground  level.  On  top  of  the  concrete  foundations  masonry-lined 
lead  pans  are  used,  on  which  are  built  the  masonry  walls.  The  con- 
centrating tower  is  packed  with  checkered  brick,  quartz,  or  other 
suitable  packing  and  the  filter  tower  is  packed  with  3-inch  special 
rings. 

Fuel  oil,  natural  gas,  or  producer  gas  is  used  to  generate  the  hot 
gases  for  evaporation.  These  gases  pass  from  the  combustion  cham- 
ber through  the  concentrating  flue  and  then  up  through  the  concentrat- 
ing tower,  where  they  come  in  contact  with  the  weak  descending  acid 
which  is  thus  preheated  and  partly  concentrated.  From  the  top 
of  this  tower  the  gases  are  drawn  at  a  temperature  of  about  220°  F. 
and  are  led  through  a  lead  or  stoneware  flue  to  the  top  of  the  filter 
147955°— 20 10 
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and  scrubbing  towers.  An  exhaust  fan  placed  at  the  base  of  the 
scrubbing  tower  draws  the  gases  through  this  tower  and  discharges 
them  into  the  atmosphere. 

In  flowing  through  the  concentrating  flue  the  gases  pass  over  a 
pool  of  acid  which  is  violently  agitated  by  forcing  compressed  air 
through  it  from  perforations  in  a  pipe  running  submerged  in  the 
acid  and  lengthwise  of  the  flue.  Thus  a  large  area  of  acid  is  ex- 
posed to  the  direct  action  of  the  hot  combustion  gases. 

In  passing  up  through  the  concentrating  tower  the  gases  come 
into  contact  with  a  countercurrent   of   weak  acid.     The  tower  is 


Figure  15. — Chemico  concentrator,  side  elevation ;  a,  Acid  regulator ;  b,  blow  box ;  c, 
distributing  tank ;  d,  acid  distributor  ;  e,  exit  for  steam  and  combustion  gases  ;  f,  scrub- 
bing tower ;  g,  filter  tower ;  h,  gas  flue  :  i,  concentrating  tower ;  ;,  exhaust  fan ;  k, 
concentrating  flue ;  1,  burner  ;  m,  oil  and  gas  burner ;  n,  wash  out  and  acid  overflow ; 
o,  intermediate  and  storage  tank  ;  p,  acid  coolers  :  q,  acid  overflow. 

packed  to  allow  a  large  contact  surface  for  the  gas  and  the  acid,  and 
the  first  portion  of  the  concentration  takes  place  in  this  tower.  The 
flow  of  weak  acid  to  the  concentrator  from  an  overhead  tank  is  regu- 
lated to  suit  the  conditions  and  results  desired.  The  acid  flows  from 
the  distributing  pan  to  air-sealed  lutes,  which  are  equally  distributed 
over  the  tower  top  and  distribute  the  acid  uniformly  over  the  upper 
surface  of  the  packing. 

In  the  filter  and  scrubbing  towers  the  acid  mist  carried  over  by 
the  waste  gases  from  the  concentrating  tower  is  to  a  large  extent  re- 
covered, though  not  entirely  so.  The  loss  may  be  2  to  4  per  cent  of 
the  total  acid. 
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The  hot  concentrated  acid  from  the  concentrating  flue  is  drawn 
off  into  lead  coolers.  All  iron  salts  deposit  in  the  flue  and  in  no 
way  interfere  with  the  efficiency  of  the  concentration,  the  iron  salts 
being  removed  through  suitable  openings  without  shutting  down  the 
concentrator. 

The  chemico  concentrator  requires  about  13  to  14  gallons  of  crude 
oil  to  concentrate  1  ton  of  66°  B.  acid  from  50°  acid.  As  the  gases 
are  discharged  at  200°  F.  or  less  and  the  radiation  loss  is  relatively 
small,  the  heat  is  fairly  weD  utilized.  These  concentrators  have  been 
built  in  sizes  having  capacities  of  15  to  125  tons  of  66°  acid  per  24 
hours. 

KALBPERRY    CONCENTRATING    TOWERS. 

The  original  Kalbperry  tower  was  first  erected  and  put  into  opera- 
tion about  1906  and  has  been  in  continuous  service  ever  since.  The 
towers  are  now  built  in  various  sizes  and  capacities  by  the  Kalbperry 
Corporation  of  New  York  City.  The  standard  tower  is  5  feet  square 
by  39  feet  high  over  all,  with  an  actual  concentration  height  of 
about  25  feet.  The  standard  tower  has  a  capacity  of  1  ton  of  acid 
per  hour  (60°  to  66°  B.).  A  typical  arrangement  is  shown  in  fig- 
ure 16. 

Liquid  or  gaseous  fuel  is  burned  in  the  furnace,  1,  the  gases  of 
combustion  passing  through  the  flues  la  and  2e,  into  and  up  through 
the  tower  2.  and  to  the  scrubber  3. 

The  acid  to  be  concentrated  is  delivered  to  the  suppty  tank  2a  and 
thence  fed  into  the  top  of  the  tower  by  the  automatic  feeding  ap- 
paratus 2b,  2c,  whence  it  flows  down  over  the  packing  in  the  tower 
against  the  rising  hot  gases,  the  concentrated  acid  flowing  from 
the  tower  through  the  exit  5  and  the  coolers  6  and  7  into  tank  0. 

The  acid  fumes  driven  off  in  the  tower  and  air  pass  through  the 
scrubbers  3,  thence  through  the  suction  fan  11,  and  thence  through 
the  auxiliary  scrubber  4,  before  being  exhausted  to  the  atmosphere 
at  4c 

A  so-called  "  5-foot "  tower  has  a  capacity  for  producing,  when 
concentrating  sulphuric  acid  from  60°  B.  to  66°  B.,  about  1  ton  of 
66°  acid  per  hour. 

The  fuel  consumption  will  be  about  10.5  to  12  gallons  of  19,000 
B.  t.  u.  fuel  oil  per  ton  of  66°  acid,  concentrating  from  60°  B.  to  66° 
B.  In  addition  to  the  concentrated  acid  produced,  about  10  per  cent 
of  the  sulphuric  acid  charged  is  recovered  as  weak  or  scrubber  acid  of 
a  strength  of  about  40°  to  46°  B.,  and  there  is  a  loss  to  the  atmos- 
phere of  about  2  per  cent. 

One  man  can  easily  handle  a  battery  of  four  towers. 

lowers  may  be  built  of  as  large  a  capacity  as  is  commercially 
desirable — they  have  been  built  with  a  minimum  capacity  of  less 
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than  2  tons  per  day — and  concentration  may  be  made  from  cham- 
ber strength  up  to  96.5  or  97  per  cent,  the  limit  of  concentration 
attainable  for  sulphuric  acid. 


SKOGLAND    CONCENTRATOR. 


The  Skogland  concentrator  is  built  by  the  Pratt  Engineering  Co., 
of  Atlanta  and  New  York.     The  greater  part  of  the  evaporation  in- 


Figure  10. — Kalbperry  concentrator,  1,  la,  2c,  Furnace  and  flue:  lb,  lc,  Id,  air  and  oil 
piping ;  2,  concentrating  tower ;  2a,  21),  2c,  2f,  acid  supply  tank,  siphon,  and  tower  feed ; 
2d,  outlet  gases  from  tower  ;  S,  3a,  3b.  3c,  scrubber  and  gas  flues  :  3d,  3c,  scrubber  acid 
piping  and  tank  ;  It,  1/a,  .'ib,  !tc,  >,d,  auxiliary  scrubber  and  piping  ;  5,  outlet  for  concen- 
trated acid;  6,  1,  acid  coolers;  8,  9,  concentrated-acid  tank;  10,  10a,  montejus ;  11, 
fan  ;  12,  motor. 

this  concentrator  is  brought  about  by  the  spraying  of  the  arid  in  a 
chamber  through  which  the  hot  combustion  gases  are  passing.  The 
fuel  consumption  of  the  Skogland  concentrator  averages  around  12 
gallons  of  oil  per  ton  of  66°  B.  acid  concentrated  from  50°  B.  acid. 

ELECTRICAL    CONCENTRATOR. 

An  electrical  concentrator  has  been  installed  by  the  Chemical  Con- 
struction Co.  at  Mount  Holly,  X.  C.  and  has  been  operated  inter- 
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mitt  en  th  for  several  months  with  good  results.  During  1918  a  1-ton 
capacity  unit  was  installed  at  a  chemical  plant  at  St.  Albans,  W.  Va. 
This  concentrator  is  designed  for  small  capacities  where  electrical 
current  is  available  and  comparatively  cheap.  It  consists  of  a  small 
hath  space  built  of  acid-proof  masonry  in  which  are  placed  two  elec- 
trodes of  acid-proof  iron  spaced  about  2  or  3  feet  apart,  the  elec- 
trodes being  adjustable.  The  bath  of  acid  is  also  so  arranged  that  the 
level  may  be  lowered  or  raised.  There  is  a  dam  of  acid-proof 
masonry  between  the  electrodes.  The  weak  acid  is  fed  in  at  one  end 
of  the  furnace  near  the  electrode  and  flows  over  the  dam  to  an  outlet 
at  the  other  end.  The  electric  current  between  the  electrodes  passes 
through  the  thin  layer  of  acid  flowing  over  the  dam  and  heats  this 
thin  layer  to  the  point,  where  the  water  is  evaporated  at  a  rapid  rate. 

USE    OF    ELECTRICAL    PRECIPITATION    PROCESS    FOR    RECOVERY 
OF  ACID  MIST  OR  FUME. 

With  most  types  of  acid  concentrators,  Kalbperry  towers,  Skog- 
land  evaporators,  or  cascade  systems  there  is  always  a  considerable 
amount  of  acid  mist  or  fume  produced  which  is  carried  out  by  the 
furnace  gases.  This  mist  is  difficult  to  catch  completely  in  coke  or 
other  types  of  towers  unless  passed  through  weak  acid  or  water  in  a 
s  rubbing  tower,  when  the  resulting  acid  is  so  dilute  that  it  is  of 
little  value.  However,  the  discharge  of  acid  mist  into  the  atmos- 
phere often  leads  to  more  or  less  serious  complaints  by  people  living- 
adjacent  to  the  plants  and  sometimes  to  litigation,  resulting  in  the 
complainants  procuring  an  injunction  decree  from  the  courts  pre- 
venting further  discharge  of  fumes. 

The  most  efficient  method  of  recovering  the  acid  mist  has  been  by 
tri<  al  precipitation.  The  principle  and  mechanics  of  the  process 
have  been  discussed  under  the  subject  of  the  recovery  of  dust  and 
fume  and  will  not  be  repeated  here. 

The  precipators  used  for  recovering  acid  mist  are  invariably  of 
the  pipe  type  and  the  material  used  is,  of  course,  acid  proof.  Lead 
is  nearly  always  used  for  the  top  and  bottom  headers,  while  the  col- 
lecting electrode  may  be  of  lead  or  tile. 

Plate  IV,  B  (p.  67)  shows  an  electrical  precipitator  erected  for 
removing  the  acid  mist  from  3,000  cubic  feet  of  gas  per  minute  at 
135°  F.,  coming  from  three  sulphuric-acid  concentrators  producing  a 
total  of  50  tons  of  66°  B.  acid  per  21  hours.  Plate  XII,  A,  shows  an 
electrical  precipitator  with  the  current  on,  and  Plate  XII,  Z?,  with 
the  current  off.  Plate  XIII  shows  a  large  installation  at  a  chemical 
plant  in  Tennessee. 

One  of  the  largest  precipitation  installations  now  in  service  for 
the  removal  of  acid  mist  arising  from  sulphuric  acid  concentrators  is 
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one  where  the  waste  gases  from  22  concentrators  of  the  cascade  type, 
each  having  a  rated  capacity  of  10  tons  of  66°B.  acid  per  24  hours, 
may  be  treated.  The  volume  of  gas  cleared  averages  30,000  cubic  feet 
per  minute  at  180°  F.  and  there  is  collected  about  25  tons  of  40°  B. 
acid  per  day.  The  precipitator  comprises  four  units,  each  having  12 
collecting  electrode  pipes  12  inches  in  diameter  by  15  feet  in  height. 
One  set  of  electrical  equipment  of  the  usual  type  furnishes  the  power 
required  by  the  installation. 

In  the  following  table  there  are  listed  the  electrical  precipitator 
installations  that  have  been  erected  and  satisfactorily  operated  for 
removing  sulphuric  acid  mists  from  gases  from  concentrators.  This 
table  includes  data  on  the  number  and  type  of  towers  with  their 
combined  capacities  and  feed,  the  recoveries  and  concentration  of 
the  recovered  acid,  and  essential  data  on  the  size  and  operating  con- 
ditions of  the  precipitators. 

Data  on  removal  of  arid  mists  from  concentrator  gases  by  electrical  precipi- 
tators. 


Installa- 

I  ion. 

No.  and 

type  of 
concen- 
trator.o 

Capac- 
ity, 
tons  of 
66°  B. 
acid  per 

24 
hours. 

Strength 
of  acid 
feed,°B. 

Strength 
of  acid 
precipi- 
tated, 
°B. 

Tons 
of  acid 
precipi- 
tated 
per  24 
hours. 

Tons 
of  acid 
precipi- 
tated 
reduced 
to  66 
°B. 

Per- 
centage 
of  total 

acid 
precipi- 
tated. 

Num- 
ber of 
pipes  in 
precipi- 
tator. 

Volume 
of  gases, 
cubic 
feet  per 
min- 
ute. 

Tem- 
pera- 
ture of 
gases, 
°F. 

Cost  of 

instal- 
lation. 

A 

1-K 
2-K 
3-K 
5-K 
3-S 
1-S 
3-S 
1-S 
4-S» 
2-S 
22-C 

16 
43 
37 
90 
50 
40 
50-60 
30 
40 
22 
170 

53 

53 

53 

50 

50 

60 

14.3 

60 

52 

50 

60 

16 
16 
16 
20 
18 
33 

0.72 

1.6 

1.85 

15.0 

3.3 

1.75 

0.13 

.3 

.35 
3.6 

.7 

.7 

0.8 
.-* 
1.0 
4.0 
1.4 
1.8 

5 
10 
12 
32 
16 
12 
24 
12 
20 
16 
48 

1,000 
2,000 
2,400 
6',  000 
2,640 
2,250 
4,800 
3,300 
4,360 
2,400 
35,000 

1.50 
180 
150 
123 
135 
206 
180 

155 
220 
200 

$3,000 

E 

5,000 

C 

5,000 

D 

14,000 

E 

6,500 

F 

4,700 

(, 

9,300 

rr 

22 
32 
30 
45 

3io 
7.5 
25 

.2 
1.2 
5.01 
14.8 

.6 

3.0 

22.7 

8.7 

5,000 

i 

j 

5,000 

K 

29,000 

a  K,    Kalbperry   towers ;    S,    Skogluud    towers ;    C,    cascade   type. 
Typical  operating  costs  for  tower  "J"  for  one  year. 

Power  (200  watts  per  pipe.  300  days,  at  2  cents  per  kw.-hour)  _  $460 

Labor,  2  hours  per  day  at  50  cents  per  hour $300 

Repairs    ( estimated ) $200 

"With  the  exception  of  installations  J  and  K.  all  precipitators  were 
installed  after  the  usual  coke  scrubbing  towers  and  for  the  primary 
purpose  of  eliminating  a  nuisance.  Installation  J  was  made  without 
coke  scrubbers,  but  there  was  included  in  the  system  a  cooling  coil 
of  12-inch  lead  pipe,  with  return  bends  exposed  to  the  air,  having 
a  total  length  of  125  feet. 

"When  scrubbers  are  omitted  the  addition  of  such  a  cooling  coil  is 
advisable,  because  the  precipitator  efficiency  is  vastly  improved  when 
the  gases  are  not  hotter  than  200  to  210°  F.  at  the  time  of  treatment. 

The  efficiencies  of  these  installations  have  been  consistently  high. 
Continuous  operation  with  clearances  of  98  to  100  per  cent  have  been 
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maintained.  Where  scrubbers  have  been  omitted,  teats  have  shown 
-all  concentrator  efficiencies  of  9G  per  cent,  based  on  the  amount 
of  acid  passed  through  the  tower,  the  amount  of  concentrated  acid 
produced,  and  the  amount  recovered  in  the  precipitator  reduced  to 
the  basis  of  100  per  cent  sulphuric  acid. 

ACID-PROOF   MASONRY. 

In  the  preceding;  pages  considerable  mention  has  been  given  to  the 
use  of  acid-proof  masonry  in  the  construction  of  Glover,  Gay-Lussac, 
various  types  of  intermediate  towers,  and  various  concentrating 
towers.  Most  acid-plant  constructors  are  now  prepared  to  erect  such 
towers  with  acid-proof  brick  or  tile,  and  the  success  of  this  construc- 
tion for  these  towers  seems  assured.  However,  the  construction  re- 
quires careful  design,  the  use  of  superior  and  proper  grades  of  ma- 
terial, and  the  proper  treatment  or  curing  of  the  cement  used.  Cer- 
tain types  of  cement  have  recently  come  onto  the  market  under 
various  trade  names,  such,  for  example,  as  "  acid-proof  cement," 
recommended  and  used  by  the  Chemical  Construction  Co.,  and 
"  duro  "  cement,  used  by  the  Process  Engineering  Co.  In  using  these 
cements  sodium  silicate  is  used  as  a  binder. 

One  of  the  chief  objections  to  this  type  of  construction  has  been 
the  liability  of  the  tower  walls  to  crack  and  develop  leaks  when  the 
towers  are  subjected  to  any  considerable  differences  in  temperature. 

One  of  the  most  recent  designs  of  towers,  etc.,  for  hot  gases  and 
acids  is  that  controlled  by  the  Kalbperry  corporation. 

Referring  to  figures  17  and  18,  it  may  be  noted  that  the  construc- 
tion comprises  an  inner  inclosure  for  the  liquids  and  gases,  composed 
of  several  relatively  movable  wall  sections  so  that  expansion  and 
contraction  can  take  place  with  minimum  of  cracking  of  these  walls; 
that  the  inner  inclosure  is  surrounded  with  an  outer  inclosure  con- 
sisting of  a  single  wall;  and  that  these  two  walls  are  separated  by 
an  air  space  closed  at  the  top,  open  for  the  passage  of  liquids  to  the 
I  interior  of  the  structure  at  the  bottom,  but  sealed  at  the  bottom 
against  passage  of  gases,  thus  making  the  air  space  dead. 

The  inner  walls  are  supported  by  means  of  special  brick  which 
may  be  laid  in  either  the  outer  or  the  inner  wall;  preferably  in  the 
outer,  as  the  rounded  projections  then  present  only  a  line  contact 
with  the  inner  wall,  and  offer  the  least  path  for  any  liquid  escaping 
through  the  inner  wall  to  flow  over  to  the  outer  wall. 

It  will  be  seen  that  this  construction  permits  movement  of  the 
inner  walls  with  comparative  freedom  from  strain,  as  they  are  free 
to  move  in  one  direction,  and  that  the  tendency  of  the  walls  to  crack 
is  reduced  to  a  minimum. 
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In  the  installation  shown  in  the  illustrations  the  inner  and  outer 
walls  are  joined  by  completing  the  masonry  into  a  common  wall, 
though  this  construction  need  not  necessarily  be  followed,  and  the 
space  at  the  top  may  be  closed  by  some  other  form  of  cover  connect- 


Figdbh  17. — Kalbperry,  acid-proof  masonry,   cross  section. 


ing  the  two  walls  and  yet  providing  for  less  rigid  construction,  if 
desirable.  However,  the  rise  of  temperature  at  this  point  is  very 
little  above  the  normal;  therefore  the  expansion  is  almost  negligible. 
It  is  true  that  a  small  amount  of  liquid  passes  out  through  the 
open  joints  at  the  junction  of  the  inner  walls,  together  with  that 
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which   finds  its  way  through  the  inevitable  cracks  formed  in  the 
inner  walls.     The  proportion  of  the  total  liquid  content  that  comes 


Figure  18. — Kalbperry  add-proof  masonry,  elevation. 

in  contact  with  the  interior  surface  of  the  inner  wall  is,  however, 
very  small,  and  of  that  proportion  only  a  small  percentage  will  find 
its  way  through  into  the  space  between  the  inner  and  outer  walls,  so 
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that  the  total  amount  reaching  that  space  and  flowing  downward  be- 
tween the  walls  is  negligible. 

On  account  of  the  dead-air  space  between  the  walls,  the  outer 
walls  are  maintained  at  a  comparatively  low  temperature,  with  the 
result  that  there  is  little  or  no  expansion  of  the  outer  walls.  The 
base  is  inclosed  in  a  metallic  pan  in  order  to  guard  against  the  escape 
of  liquid  through  any  cracks  which  might  form  in  the  base. 

One  advantage  of  this  construction  is  that  it  is  built  throughout 
with  standard  brick,  requiring  a  minimum  amount  of  sheet  lead, 
with  no  steel  other  than  the  four  corner  angles  and  the  tie-rods.  The 
corner  angles  are  extended  to  carry  the  feed  tank  and  feeding  ap- 
paratus, which  is  not  shown.  The  only  part  that  is  not  standard 
stock  material  is  the  special  brick  having  a  semicircular  lug  formed 
on  the  side.  These  are  not  difficult  to  make,  requiring  only  a  simple 
die. 

ACTION    OF    SULPHURIC    ACID    ON    LEAD    OB,   IRON. 
ACTION  ON  LEAD. 

Up  to  a  strength  of  about  60°  B.  the  action  of  sulphuric  acid  on 
lead  is  very  slight,  even  when  heated  to  near  the  boiling  point.  If 
the  acid  is  boiled,  however,  the  lead  is  strongly  attacked.  At 
strengths  ranging  from  60°  B.  (77.67  per  cent  H2S04)  to  96  per 
cent  H,S04,  the  action  is  still  only  slight  in  the  cold.  However,  the 
action  increases  as  the  temperature  rises,  the  lead  being  rapidly  dis- 
solved by  the  ordinary  concentrated  sulphuric  acid  at  about  250°  C. 
Monohydrate  acid  acts  quite  strongly  and  fuming  acids  energetically 
attack  the  lead  even  at  ordinary  atmospheric  temperatures.  At  ordi- 
nary temperatures  and  even  up  to  100°  C.  the  purest  lead  is  least  at- 
tacked by  the  sulphuric  acid.  Impurities,  such  as  bismuth,  antimony, 
zinc,  or  copper,  have  a  deleterious  effect,  but  for  very  high  tempera- 
tures the  addition  of  a  little  copper  (0.1  to  0.2  per  cent)  to  the  lead 
appears  to  be  of  advantage. 

ACTION  ON  ORDINARY  CAST  IRON. 

Acids  of  all  strengths  from  chamber  acid  to  100  per  cent  H2S04 
have  very  little  action  on  cast  iron  at  ordinary  temperatures.  If 
boiling,  the  weaker  acids  attack  cast  iron  vigorously.  The  action 
decreases  as  the  strength  of  the  acid  increases,  until  at  98  per  cent 
H2S04  the  iron  is  scarcely  attacked  at  all.  Fuming  acids  below  20 
per  cent  S03  have  a  somewhat  greater  action  than  98  to  100  per  cent 
H2S04,  but  above  that  strength  the  action  practically  ceases. 

Cast-iron  vessels,  however,  are  not  suitable  for  the  manufacture 
of  fuming  acids,  owing  to  the  fact  that  the  free  SOj  penetrates  into 
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the  pores  of  the  metal,  producing  strains  (probably  clue  to  the  forma- 
tion of  gases  in  the  pores  by  action  of  the  acid  and  carbon)  which 
s  the  metal  to  break  suddenly  without  any  warning. 

ACTTOX  OX  WROUGHT  IRON. 

Acids  below  100  per  cent  H2S04  act  more  rapidly  on  wrought  iron 
than  on  cast  iron,  especially  at  high  temperatures.  However,  in  the 
cold  the  action  is  very  slight  with  acids  above  60°  B.  (about  78  per 
U_.S04).  Wrought  iron  is  somewhat  attacked  by  fuming  acids 
at  a  concentration  of  about  10  per  cent  free  SO:i,  but  the  action  de- 
creases  as  the  si  length  of  the  acid  increases  and  at  27  per  cent  free 
SO.  it  is  negligible. 

ACTION   OX  ALLOYS  OF  IROX   AXD  SILICON. 

Alloys  of  iron  and  silicon  (tantiron,  corrosiron,  duriron)  are  much 
less  attacked  by  boiling  acids  than  is  ordinary  cast  iron,  and  may  be 
usul  in  concentrating  weak  acids  up  to  93  per  cent  H2S04.  Fuming 
acids,  however,  energetically  attack  these  alloys. 

STORAGE  TANKS. 

It  is  desirable  to  have  at  the  head  of  each  Glover  tower  or  Gay- 
Lussac  tower  at  least  several  hours'  supply  of  acid.  Tanks  at  the 
om  of  these  towers  should  have  at  least  a  day's  capacity,  and  the 
tanks  for  chamber  acid  may  be  of  any  capacity  necessary  for  the 
economical  operation  of  the  plant.  Plants  producing  acid  for  the 
custom  market  usually  have  ample  storage  to  allow  for  the  fluctua- 
tion in  sales  or  for  delays  in  delivery  of  cars,  etc. 

The  iow -strength  acid  storage  tanks  are  generally  of  wood,  lined 
with  lead  weighing  6,  8,  or  10  pounds  per  square  foot.  Acid-proof 
chemical  brick  or  tile  may  also  be  used  for  lining  the  tanks. 

Closed  storage  tanks  for  60°  B.  acid  are  made  of  steel  or  wrought 
l,   these   materials  being  suitable   where  no   air  can  enter,  the 
moisture  of  which  might  dilute  the  acid. 

Acid  of  66     B.  strength  or  higher  is  generally  stored  in  riveted 
1  tanks,  emptied  either  through  a  foot  valve  in  the  bottom  sur- 
rounded by  a  low  upstand  to  prevent  the  drawing  of  mud,  or  the 
tank  has  draw-ott  valves  at  various  levels  on  the  sides.    These  tanks 
usually  placed  on  structural  steel  or  on  concrete  supports  high 
sgh  so  that  the  acid  v.  ill  run  out  into  cars  by  gravity:.    A  blow-off 
pipe  about  2  inches  in  diameter  should  be  provided  near  the  center 
of  the  tank  and  extending  fairly  well  down  away  from  the  manhole 
plate,  so  that  the  blast  of  air  which  follows  the  blowing  of  an  "  egg" 
into  the  tank  may  find  free  acce&s  to  the  outside  atmosphere. 


148  MANUFACTURE   OF   SULPHURIC   ACID. 

Storage  tanks,  especially  for  low-strength  acid,  may  be  made  of 
reinforced  concrete,  the  inner  surface  of  which  is  painted  with  pitch 
and  lined  with  lead. 

In  the  foot- valve  arrangement,  a  porcelain  plug  and  seat  is  com- 
monly used.  The  seat  is  arranged  in  place  and  supported  by  a 
"wooden  block,  then  molten  sulphur  is  poured  in  around  the  seat  to 
close  the  spaces  between  it  and  the  concrete.  The  plug  valves  are 
operated  either  by  screw  stem  or  by  lever.  Asbestos-seated  iron  plugs 
or  corks  are  frequently  used  where  frequent  opening  and  closing  is 
necessary. 

Sulphuric  acid  is  shipped  in  tank  cars,  tank  wagons,  drums,  and 
carboys.  Tank  cars  have  capacities  of  60.000  to  160,000  pounds. 
They  are  usually  provided  with  a  small  pump  or  well  into  which  a 
"  blow-off  "  pipe  dips  to  empty  the  tank  as  completely  as  possible. 
Sometimes  a  foot  valve  or  cork  is  provided  on  the  bottom  of  the  tank 
for  emptying,  but  the  better  practice  is  to  blow  the  acid  out  of  the 
tank  with  compressed  air.  The  tanks  are  usually  provided  with  a 
dome  having  a  manhole  plate,  the  blow-off  pipe  being  at  one  side  of 
the  manhole  and  the  pressure  air  pipe  at  the  other  side,  both  being 
provided  with  a  flanked  flanged  union,  with  a  cork  and  a  cap  to 
protect  the  threads. 

Drums  are  of  various  sizes,  holding  between  500  and  1.500  pounds 
of  acid.  Carboys  are  glass  bottles  of  10  to  12  gallon  capacity,  pro- 
tected from  breakage  by  a  casing  of  some  sort,  and  hold  about  180 
pounds  of  66°  B.  acid. 

CONTACT  PE0CESS  FOR  MANUFACTURE  OF  SULPHURIC  ACID. 
GENERAL  DISCUSSION   OF  THE   PROCESS. 

Although  the  reaction  between  sulphur  dioxide  and  oxygen  is 
almost  imperceptibly  slow,  even  at  400°  C,  in  the  absence  of  a 
catalyst,  yet  b}*  the  presence  of  certain  catalysts  the  reaction  is 
brought  about  quite  rapidly.  A  catalyst  does  not  initiate  a  reaction 
or  change  the  final  equilibrium  existing  between  the  reacting  sub- 
stances: it  merely  affects  the  velocity  with  which  the  reaction  occurs. 

The  contact  process  for  the  manufacture  of  sulphuric  acid  is  based 
upon  the  fact  that  if  pure  gaseous  sulphur  dioxide  and  the  proper  pro- 
portion of  ox}7gen  are  heated  together  in  intimate  contact  with  finely 
divided  platinum,  ferric  oxide,  or  other  catalytic  material,  a  more 
or  less  complete  and  rapid  oxidation  of  S02  to  S03  will  take 
place,  providing  the  temperature  of  the  reaction  during  the  contact 
is  not  allowed  to  rise  to  the  point  of  dissociation  of  S03 — that  is,  to 
the  point  where  SO,  will  break  up  into  S02  and  O.  The  SOs  vapor 
formed  by  the  reaction  can  then  be  recovered  by  cooling  and  by 
absorption  in  a  solution  of  strong  acid. 
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The  various  contact  materials,  besides  metallic  platinum,  which 

been  tried  as  catalysts  include  oxides  of  iron,  chromium,  tin, 

bismuth,  tungsten,  titanium,  molybdenum,  thorium,  and  vanadium. 

With  the  exception  of  ferric  oxide,  which  has  been  used  for  one 

application  of  the  contact  process  known  as  the  "Mannheim"  proc- 

oone  of  these  has  been  successfully  used.    Ferric  oxide,  moreover, 

has  not  been  as  successfully  used  as  has  platinum,  for  the  following 

ons: 

From  numerous  carefully  observed  and  recorded  experiments  it 
has  been  determined  that  the  temperatures  which,  under  normal 
pressures,  yield  the  highest  conversion  to  S03  with  any  practicable 
mixture  of  S02  and  air,  range  from  425°  to  450°  C.  Above  these 
temperatures  the  S03  does  not  completely  form  or  that  which  is 
formed  begins  to  decompose  again  into  SO,  and  02.  Platinum  at 
these  temperatures  has  the  desired  catalytic  effect — that  is,  it  in- 
creases sufficiently  the  velocity  of  the  reaction,  SO2+0.5O2  =  S03, 
to  produce  within  a  reasonable  time  almost  quantitative  conversion 
to  SOa.  On  the  other  hand,  iron  oxide  at  these  temperatures 'does 
not  exhibit  the  same  sufficient  catalytic  action  by  wTay  of  increasing 
the  velocity  of  the  reaction  as  does  platinum,  and  its  use  is  not  prac- 
ticable at  these  temperatures.  Only  at  600°  C.  does  the  iron  oxide 
become  sufficiently  active  as  a  catalyst  to  permit  its  use.  However, 
at  such  temperatures  the  reaction  is  not  complete  or  the  SOa  is 
largely  broken  down  into  S02  and  02  again.  In  fact,  the  maximum 
\  ield  obtainable,  both  from  theoretic  considerations  and  observed 
phenomena,  is  only  about  70  per  cent  S03.  In  practice  the  yield  is 
more  nearly  40  to  50  per  cent. 

Thus,  platinum  is  the  most  effective  contact  substance  now  in  use, 
and  the  contact-acid  industry  of  the  country  is  based  on  the  use  of 
"that  material  in  one  form  or  another. 

A  mixture  of  sulphur  dioxide  and  oxygen  reacts  energetically 
when  first  brought  into  contact  with  the  heated  platinum,  but  the 
reaction  takes  place  more  and  more  slowly  as  an  increasing  percent- 
age of  SOa  is  formed,  and  the  final  conversion  of  S02  into  S03  is 
only  attained  by  allowing  the  reacting  gases  to  remain  in  contact 
with  each  other  in  the  presence  of  the  platinum  for  some  considerable 
time.  The  higher  the  temperature  the  more  rapidly  is  the  final  con- 
version attained,  but  as  the  back  action  (S03=S02+0)  increases 
rapidly  at  the  higher  temperatures,  the  less  favorable  is  the  final 
result  at  these  temperatures.  This  is  shown  clearly  in  figure  19, 
giving  the  equilibrium  maximum  values  for  the  conversion  of  S02 
to  SOs  obtained  by  Bodenstein  and  Pohl,  as  stated  by  Martin." 

"  Martin,  Geoffrey,  Industrial  and  manufacturing  chemistry,  Part  II,  Inorganic,  Sul- 
phuric acid  (conditions  for  technical  success,  pp.  241-242),  vol.  1,  1917,  pp.  207-256. 
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TYPES  OF  PLANTS  IN  USE. 

There  are  four  general  types  of  contact-process  acid  installations 
in  use  in  this  country,  known,  respectively,  as  the  Mannheim, 
Badische,  Grillo-Schroeder,  and  Tentelew.  In  all  of  these  processes 
many  of  the  individual  steps  in  the  manufacture  are  similar,  and 
frequently  the  same  apparatus  is  utilized.  The  mechanical  applica- 
tion of  the  principle  involved  varies  according  to  the  individual 
ideas  of  the  designer,  so  that,  as  a  whole,  the  processes  are  more  or 
less  similar  or  interchangeable.     This  applies  especially  to  the  last 
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Figure  19. — Diagram  for  conversion  of  S0»  to  S03  (after  Bodenstein  and  Pohl). 

three  processes  mentioned,  all  of  which  employ  platinum  as  the  sole 
material  for  obtaining  oxidation. 

The  Badische  and  Tentelew  systems  differ  from  the  Grillo- 
Schroeder  especially  in  utilizing  asbestos  instead  of  magnesium  sul- 
phate as  the  carrier  for  the  platinum. 

The  Tentelew  system  differs  from  the  Grillo-Schroeder  and  the 
Badische  especially  in  its  heat-transferring  and  gas-preheating  ap- 
paratus. 

The  Mannheim  system  differs  essentially  from  the  other  three  in 
that  ferric  oxide  is  used  to  obtain  a  part  of  the  oxidation,  and 
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thi>  method   necessitates  a   double  ab->orpti«>  tn  and  material 

changes  in  tln«  design. 

Briefly,  the  four  types  of  plants  include  the  following-  units: 
lische  system  (see  PI.  XIV,  .!)  : 
Pyrite  ore  roasters  or  sulphur  burners. 
Dust-catching   in -filiation. 
Vertical   lead-pipe   cooling  installation. 

-scrubbing  installation. 
Coke  filter. 
Gas-drying  tower. 
Blower. 
Converters. 
Vertical  tubular  heat  transfers. 

gas-cooling  system. 
Absorption  towers. 
Oleum  towers. 
( irillo-Schroeder  system  (see  PL  XV,  A)  : 
Pyrite  ore  roasters  or  sulphur  burners. 
Duet-catching  installation. 

Vertical  or  horizontal  lead-pipe  cooling  installation. 
Lead-coil  gas  cooling  and  scrubbing  towers. 
Asbestos,  mineral  wool,  sawdust,  or  coke  filtering  system. 
S02  gas-drying  tower. 
Blower. 

Preheating  furnace. 

Converters,  which  may  or  may  not  be  designed  as  heat  transfers. 
SOo  gas-cooling  system. 
Absorption  towers. 
Oleum  towers. 
Tentelew  system: 

Tlie    Tentelew    system    is    essentially   the    same    as    either    the 
Badische  or  Grillo-Schroeder  systems,  or  a  combination   of 
both,  except  that  its  heat  transfer  and  preheating  system  dif- 
fers radically  from  that  used  in  either  of  the  other  proc 
as  has  been  previously  described. 
Mannheim  system  (see  PL  XV,  B)  : 

Lump-ore  burners,  to  which  a  certain  proportion  of  sulphur  burn- 
ers may  be  added,  if  desired. 
A  ferric  oxide  shaft,  together  with  heat  transfer  or  forewarn! 

ing  chambers. 
( )xide  shaft  coolers  and  sludge  settlers. 
Oxide  absorption  towers. 

n. 
Acid  catchers. 
Gas  filters. 
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Preheaters  or  heat  transfers. 

Superheaters. 

Platinum  shafts. 

Final  absorption  towers. 

Oleum  towers. 
The  New  Jersey  Zinc  Co.  was  the  owner  of  the  Grillo-Schroeder 
patents,  the  main  features  of  which  expired  in  1918.    It  used  them  in 
connection  with  the  manufacture  of  acid  from  its  zinc  ores,  and  also 
issued  licenses  to  other  companies  in  the  United  States. 

The  Badische,  Tentelew.  and  Mannheim  patents  are  owned  or  con- 
trolled by  the  General  Chemical  Co.  At  one  time  objection  was 
raised  by  the  General  Chemical  Co.  as  to  the  right  of  the  New  Jersey 
Zinc  Co.  to  use  and  to  license  for  others  the  use  of  the  Grillo-Schroeder 
process,  and  suit  was  commenced.  However,  an  agreement  was 
reached  which,  while  allowing  the  New  Jersey  Zinc  Co.  and  its 
licensees  to  continue  to  operate,  gave  the  precedence  for  future 
licensing  to  the  General  Chemical  Co.  Although  manv  of  the  features 
of  these  patents  have  expired,  the  General  Chemical  Co.  claims  still 
to  control  the  process  until  1923  and  issues  a  license  and  requires  the 
payment  of  royalties  for  the  installation  and  operation  of  all  contact 
plants,  including  those  operating  under  the  features  of  the  Grillo- 
Schroeder  patents. 

ESSENTIAL   CONDITIONS    IN    MANUFACTURE  OF  ACID  BY   CONTACT  PROCESS. 

The  contact  process,  as  practiced  in  this  country  for  the  manu- 
facture of  sulphuric  acid,  is  based  upon  the  two  following  essential 
facts : 

1.  When  the  sulphur  dioxide  (S02)  gas,  mixed  with  a  suitable 
proportion  of  oxygen,  is  passed  over  heated  platinum  in  a  state  of 
very  fine  subdivision,  the  reaction  2S02-f-02— 2S03  takes  place, 
forming  sulphur  trioxide  or  sulphuric  acid  anhydride  (S03). 

2.  Sulphur  trioxide  is  quantitatively  absorbed  by  sulphuric  acid 
solution  of  between  97.5  and  99.5  per  cent  H,S04  content,  resulting 
in  the  uniting  of  the  S03  with  the  excess  water  in  the  sulphuric  acid 
solution  and  the  consequent  formation  of  sulphuric  acid  (H2S04). 

Generally  speaking,  the  range  of  sulphur  dioxide  strength  in  the 
gases  treated  in  contact  plants  varies  from  4  to  1\  per  cent  S02  by 
volume.  As  a  large  excess  of  oxygen  above  the  theoretical  is  nec- 
essary for  complete  oxidation  of  sulphur  dioxide  by  the  contact 
process,  when  burning  pyrite  it  is  not  safe  to  have  the  S02  content 
of  the  gas  higher  than  7.5  per  cent,  otherwise  the  oxygen  will  be  too 
low.  When  brimstone  is  burned  as  the  source  of  sulphur  dioxide, 
the  gas  will  contain  a  higher  proportion  of  oxygen  in  relation  to  its 
sulphur  dioxide  content  than  when  burning  pyrite;  therefore,  a  gas 
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of  higher  sulphur  dioxide  content  (up  to  8^  or  even  9  per  cent)  may 
be  utilized. 

The  gases,  whether  derived  from  the  oxidation  of  pyrite  or  from 
the  burning  of  sulphur,  must  be  thoroughly  cleaned  from  all  solid  im- 
purities  or  fumes  before  entering  the  catalytic  material  in  order  to 
avoid  the  contamination  of  this  material  and  consequent  loss  of  effi- 
ciency. The  nases  must  also  be  freed  from  certain  gaseous  impuri- 
ties which  have  an  inhibiting  effect  upon  the  oxidizing  power  of  the 
catalyzer.  A  certain  amount  of  sulphur  trioxide  (S03)  will  always 
be  present  in  the  gases,  and  this  should  be  completely  removed.  The 
gases  will  be  saturated  with  sulphuric  acid  in  proportion  to  their 
vapor  tension  at  the  temperature  at  which  they  are  being  treated, 
and  this  sulphuric  acid  should  be  removed  as  far  as  possible  by  de- 
hydrating the  gases  with  strong  sulphuric  acid  before  they  are  per- 
mitted to  enter  the  catalytic  material.  This  latter  precaution  is  not 
especially  essential  but  is  highly  advisable  in  order  to  prevent  the  de- 
position of  sulphuric  acid  throughout  the  system  prior  to  entering  the 
absorption  towers,  as  the  condensing  of  acid  upon  a  steel  or  cast-iron 
system  results  in  continuous  and  heavy  deterioration  of  plant.  Oxida- 
tion of  the  sulphur  dioxide  to  sulphur  trioxide  with  platinum  cata- 
lyzer begins  at  a  temperature  of  about  360°  C,  but,  as  stated  pre- 
viously, in  ordinar}'  working  practice  it  is  customary  to  earn7  this 
temperature  considerably  higher,  sa}T  about  420°  C.  If  the  plati- 
num catalyzer  is  foul  or  "  poisoned,"  its  activity  may  be  consid- 
erably increased  by  raising  the  temperature  of  the  gases,  and  in 
some  instances  this  has  been  done  even  to  as  high  as  550°  C.  This 
procedure  is  not  advisable,  however,  and  the  catalytic  material 
should  be  removed  and  revived  by  proper  treatment  before  its  effi- 
ciency has  become  so  impaired. 

The  oxidation  of  sulphur  dioxide  to  sulphur  trioxide  is  a  very 
exothermic  reaction,  and  as  this  reaction  is  also  reversible  at  high 
temperatures  care  must  be  taken  that  in  the  so-called  converter  itself 
the  temperature  is  not  allowed  to  rise  too  high  (preferably  never 
above  550°  C.)  in  order  that  the  oxidation  may  be  maintained  at  its 
highest  efficiency. 

The  gases,  containing  sulphur  trioxide,  after  leaving  the  converter, 
should  be  cooled  before  entering  the  absorption  installation,  prefer- 
ably to  a  temperature  of  50°  or  60°  C.  or  lower.  The  sulphuric  acid 
used  for  absorption  is  heated  both  by  the  sensible  heat  of  the  gases 
passing  through  it  and  also  by  the  heat  of  formation  of  the  sulphuric 
acid  formed  by  the  uniting  of  the  sulphur  trioxide  with  the  water  in 
the  acid  solution.  This  acid  must  be  continually  cooled  and  prefer- 
ably held  down  to  a  temperature  of  40°  C.  or  50°  C,  as  sulphur  tri- 
l47or,r,°— 20 11 
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oxide  is  not  readily  or  completely  absorbed  in  sulphuric  acid  solution 
when  the  temperature  rises  too  high. 

The  strength  of  the  absorbing  acid  must  be  very  carefulty  main- 
tained and  should  never  vary  more  than  1  per  cent  either  way  from 
a  content  of  98.5  per  cent  H,S04. 

If  oleum  (fuming  sulphuric  acid)  is  to  be  manufactured,  this  is 
accomplished  by  passing  the  cool  gases  containing  SOa  through 
strong  sulphuric  acid  until  the  acid,  through  absorption  and  solution 
of  SOs,  has  reached  the  desired  strength.  This  solution  of  sulphur 
trioxide  in  sulphuric  acid  to  produce  oleum  also  generates  heat,  and 
suitable  cooling  apparatus  must  be  installed  and  operated  in  order 
to  attain  oleum  of  desired  strength. 

COOLING  THE  S0:  GASES. 

The  precipitation  of  the  heavier  dust  and  fume  is  fully  discussed 
elsewhere  in  this  bulletin  under  a  separate  heading,  and  will  not  be 
considered  further  at  this  point.  The  gases,  containing  a  relatively 
small  proportion  of  impurities,  should  be  drawn  from  the  dust 
and  fume  catching  installation  at  a  temperature  in  the  neighborhood 
of  280°  C.  and  then  go  into  a  lead  cooling  system.  The  first  part  of 
this  lead  cooling  system  generally  consists  of  large  and  heavy-walled 
pipes,  banded  at  frequent  intervals  on  the  outside  with  steel  bands, 
which  in  turn  are  covered  with  thin  sheet  lead  securely  burned  to  the 
main  lead  pipe.  This  banding  is  necessary  to  prevent  collapse  of  the 
large  lead  pipes,  which  are  under  a  partial  vacuum  caused  by  the 
suction  of  the  blower  further  along  in  the  system.  The  lead  pipes 
are  water  cooled  and  the  sheet-lead  covering  of  the  bands  is  neces- 
sary not  only  to  hold  the  lead  pipes  against  the  bands  and  maintain 
their  form,  but  also  to  keep  the  cooling  water  away  from  the  bands 
themselves,  as,  especially  if  impure  or  salt  water  be  used  for  cooling, 
an  electrolytic  action  is  set  up  between  the  steel  and  the  lead,  and  the 
steel  band  is  rapidly  eaten  away  and  becomes  useless.  The  lead  pipes 
are  usually  12  to  20  inches  in  internal  diameter  and  a  number  of 
them  are  installed  in  parallel,  the  number  and  size  depending  upon 
the  amount  of  gas  to  be  handled,  its  temperature,  and  the  individual 
ideas  of  the  designer. 

In  some  plants  the  lead  pipes  are  installed  horizontally,  and  in 
an  installation  of  this  type  (see  PL  XIV,  B,  p.  150)  to  handle  a  large 
amount  of  gases,  the  pipes  are  usually  made  of  large  diameter  and 
very  long  in  order  to  obtain  the  cooling  service  required  with  a 
minimum  installation  cost.  These  pipes  may  be  either  submerged 
in  water  boxes  or  sprayed.  There  are  several  disadvantages  con- 
nected with  this  form  of  installation,  because  a  considerable  amount 
of  very  fine  flue  dust,  fume,  together  with  sulphuric  acid,  is  pre- 
cipitated in  the  pipes.    The  sulphuric  acid  may  be  removed  by  means 
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of  ''boots*'  installed  at  frequent  intervals  along  the  bottom  of  tho 
pipes,  but  enough  does  not  condense  to  wash  out  the  precipitated 
dust  and  fume.  Consequently  large  cleaning  holes  have  to  l>e  in- 
stalled in  the  tops  of  the  pipes,  and  the  covers  of  these  holes  hive 
to  be  removed  and  the  pipes  thoroughly  flushed  out  with  water  at 
frequent  intervals. 

A  more  efficient  and  less  troublesome  type  of  installation  is 
parallel  sets  of  vertical  banded  lead  pipes,  usually  about  12  inches  in 
diameter,  running  from  a  common  header  above  to  a  header 
below.  Several  such  sets  are  constructed  side  by  side  with  the 
headers  of  each  set  connected  alternately  at  the  top  and  bottom 
with  the  headers  of  the  next  set.     The  gases  usually  enter  the  top 


FlSOBi  20. — Vortical  lead  cooler  for  SO?  gages,     a,  HO-  iulet ;  \>,  water  spray;  c,  wash- 
out holes ;  d,  drain. 

header,  pass  down  through  the  lead  pipes  in  parallel  into  the 
lower  header,  pass  from  that  header  into  the  lower  header  of  the 
next  following  set,  thence  up  through  the  lead  pipes  of  the  second 
set  into  its  top  header  and  from  there  into  the  top  header  of  the 
third  set,  etc.  The  vertical  pipes  are  sprayed  with  water  and  the 
bottom  headers  of  each  set  are  provided  with  overflow  "  boots  "  of 
large  size  to  permit  draining  off  the  condensed  acid  and  also  to  per- 
mit opening  one  end  and  quickly  and  thoroughly  flushing  out  the 
accumulation  of  dust  or  fume  from  time  to  time.  The  size  of  the 
vertical  lead  pipes  is  diminished  in  each  succeeding  set,  as  the  gas 
volume  diminishes  due  to  the  lowering  of  the  gas  temperature,  but 
the  number  of  pipes  in  each  parallel  set  is  usually  the  same.    This 
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type  of  installation  (fig.  20)  is  decidedly  more  expensive  to  erect 
than  the  horizontal  type,  but  is  much  more  efficient  and  less  costly 
and  troublesome  in  operation. 

Great  care  must  be  taken  in  building  the  connection  between  the 
dust  chamber  and  the  lead  system,  as  the  temperature  of  the  gases 
must  be  maintained  at  about  280°  C.  to  avoid  condensation  of  acid 
in  the  brick,  concrete,  or  steel  dust  chamber.  At  times  the  gas  tem- 
perature may  rise  considerably  higher  than  this,  bringing  it  to  a 
point  perilously  close  to  the  melting  point  of  lead.  An  expensive 
but  very  good  type  of  connection  is  lead-covered  terra-cotta  pipe,  the 
terra  cotta  not  being  acted  upon  by  any  condensing  acid  or  by  the 
heat  and  serving  to  keep  the  heat  to  a  large  extent  away  from  the 
lead  covering.  This  type  of  connection  may  be  installed  as  far  as 
that  point  where  the  construction  permits  continuous  water  spray- 
ing of  the  lead,  when  all  danger  from  overheating  passes.  Special 
care  should  be  taken  in  the  design  of  this  part  of  the  plant,  in  order 
to  avoid  continuous  operating  troubles  and  plant  repairs. 

The  sulphuric  acid  condensed  in  these  coolers  is  usually  very 
weak  and  is  either  run  to  waste  or  more  preferably  run  through  a 
duplicate  settling  system,  the  dust  and  dirt  allowed  to  settle  out, 
and  the  clear  acid  above  drawn  off  into  a  "  blow  case  "  and  used  in 
the  absorption  towers. 

SCRUBBING  THE  S02  GASES. 

The  gases  leaving  the  lead-pipe  cooling  system  are  usually  at  a 
temperature  of  between  40°  and  70°  C.  In  addition  to  sulphur  di- 
oxide, oxygen,  and  nitrogen,  these  gases  are  liable  to  contain  some 
residual  dust,  lead  or  zinc  fume,  arsenic,  selenium,  or  sulphuric-acid 
vapors,  and  chlorine,  arsine,  or  silicon  tetra  fluoride,  and  possibly 
even  other  impurities.  All  of  these  impurities  must  be  removed  if 
a  plant  is  to  operate  without  interruptions  and  at  high  efficiency. 
Practically  all  of  these  impurities  may  be  removed  by  an  extremely 
thorough  scrubbing  with  sulphuric-acid  solution  of  fairly  low 
strength.  Many  of  the  impurities,  such  as  the  dust,  various  fumes, 
and  some  of  the  deleterious  gases,  may  be  removed  by  scrubbing 
with  nearly  any  strength  of  acid,  but  chlorine,  which  is  one  of  the 
most  common  and  subtle  contact  poisons,  is  not  wholly  removed  by 
scrubbing  with  strong  acid,  hence  it  is  advisable  to  scrub  with  an 
acid  of  less  than  30°  B.  Scrubbing  with  such  a  weak  acid  has  the 
disadvantage,  however,  of  leaving  in  the  gases  a  considerable  amount 
of  water  vapor,  which  later  on  is  precipitated  as  sulphuric  acid  and 
causes  serious  trouble.  For  this  reason,  especially,  it  is  advisable  to 
constantly  test  the  scrubbed  gases  for  chlorine  content  and  to  scrub 
with  as  strong  an  acid  solution  as  practicable,  at  the  same  time 
removing  all  of  the  chlorine. 
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Many  methods  of  scrubbing  have  been  tried,  such  as  spray  towers, 
vapor  towers,  perforated  plate  towers,  lead-coil  cooling  and  scrub- 
bing towers,  and  bubblers  or  washing  towers,  but  of  all  these  various 
types  only  the  last  two 
have  proved  completely 
satisfactory  and  effective. 


LEAD-COIL    COOLING    AND 
SCRUBBING  TOWEK. 

There  are  several  modifi- 
cations of  the  lead-coil  cool- 
ing and  scrubbing  system, 
all  fa irl}7  effective.  One  of 
the  best  designs  (see  fig. 
21)  comprises  an  annular 
space  between  an  outer  and 
inner  vertical  lead  shell, 
this  space  being  filled  with 
spirals  of  lead  pipe  with 
very  little  clearance  be- 
tween the  pipes — not  more 
than  one-fourth  to  three- 
eighths  inch.  Each  spiral 
is  staggered  in  relation  to 
the  spiral  just  under  it,  so 
that  the  center  of  the  pipes 
in  one  spiral  is  always  just 
over  the  center  of  the  orifice 
between  the  pipes  in  the 
spiral  below.  Fifteen  to 
30  of  these  spirals,  as  neces- 
sity may  demand,  are  super- 
imposed one  over  the  other 
in  the  space  between  the 
outer  and  inner  lead  shell 
mentioned.  One  end  of 
each  spiral  is  burned  into 
the  wall  of  the  inner  shell, 
which  serves  for  a  reser- 
voir for  water  supply.  The 
other  end  of  the  spiral  protrudes  through  and  is  burned  into  the 
wall  of  the  outer  shell.  The  inner  shell  is  kept  filled  with  water; 
the  flow  of  water  through  each  spiral  is  regulated  by  means  of  a 
valve  attached  to  the  end  that  protrudes  through  the  outer  shell. 
The  hot,  dirty  gases  enter  the  base  of  this  tower  and  pass  upward 
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Figure  21. — Lead-coil  cooling  and  scrubbing  system  ; 
a,  water  inlet ;  b,  water  outlet ;  c,  cooling  water ; 
d,  water  overflow ;  e,  acid  inlet ;  f,  gas  outlet 
(j,  pan  ;  h,  gas  inlet ;  i,  acid  outlet. 
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between  and  around  the  water-cooled  spirals.  In  this  manner  the 
cooling  water  does  not  come  into  actual  contact  with  the  gas  and 
impart  moisture  to  it.  Weak  sulphuric  acid  enters  the  top  of  the 
tower  and  by  means  of  a  distributing  pan  is  showered  down  over 
the  water-cooled  coils  and  against  the  upcoming  hot,  dirty  gases. 
This  scrubbing  acid  serves  two  functions.  It  removes  all  dirt,  fume, 
and  deleterious  gases  from  the  sulphur  dioxide  gases  and  leaves  in 
the  gases  only  moisture,  in  proportion  to  the  vapor  tension  of  the 
strength  of  sulphuric  acid  used  at  the  scrubbing  temperature.  It  also 
acts  essentially  as  a  cooler.  The  heat  of  the  gases  is  not  transferred 
through  metal  into  water,  which  would  only  result  in  a  transfer 
rate  of  approximately  2  to  3  B.  t.  u.  per  square  foot  of  cooling  sur- 
face per  degree  Fahrenheit  difference  in  gas  and  cooling  water 
temperatures  in  one  hour's  time,  but  goes  directly  into  the  scrub- 
bing acid,  which,  in  turn,  can  at  no  point  drop  more  than  one-half 
or  three-eighths  of  an  inch  before  coming  into  contact  with  another 
water-cooled  lead  surface.  As  a  result  the  rate  of  heat  transfer  is 
greatly  increased,  ranging  in  actual  practice  from  20  to  80  B.  t.  u. 
per  square  foot  per  degree  Fahrenheit  difference  per  hour,  or  from 
100  to  400  kg.-calories  per  square  meter  per  degree  centigrade  dif- 
ference per  hour.  The  rate  varies  considerably  with  the  speed  of 
the  gases  and  the  fineness  of  division  of  the  scrubbing  acid  in  its 
downward  passage  through  the  coils. 

The  acid  is  discharged  from  the  bottom  of  the  tower  through  a 
trap  into  one  of  a  duplicate  pair  of  lead-lined  settling  tanks.  The 
dirt,  fume,  and  other  solid  impurities  settle  out  and  practically  clean 
acid  overflows  from  the  further  end  of  the  settling  tank,  and  is 
returned  to  the  top  of  the  scrubbing  tower  by  means  of  a  pump  or 
air  lift  and  reused  for  scrubbing.  When  the  tank  of  acid  has  be- 
come too  foul  or  saturated  with  chlorine,  the  alternate  tank  filled 
with  fresh  acid  is  cut  in,  and  the  tank  of  dirty  acid  allowed  to 
settle.  After  settling,  the  clean  acid  above  is  drawn  off  and  blown 
to  the  absorbing  towers,  the  sediment  is  washed  out  into  the  sewer, 
and  the  tank  filled  with  fresh  acid.  The  strength  of  the  scrubbing 
acid,  as  before  stated,  must  be  carefully  regulated,  which  is  done  by 
the  addition  of  water,  and  care  must  be  taken  that  this  water  is 
very  low  in  chlorine.  The  great  advantage  of  this  type  of  tower  is 
effective  cooling  of  the  gases  without  cooling  water  coming  into  con- 
tact with  the  gases,  so  that  the  amount  of  moisture  carried  forward 
by  the  gases  into  the  drier  is  comparatively  small. 

"  BUBBLERS  "  OR  WASHING  TOWER. 

In  the  "bubbling"  or  "washing"  system  of  gas  scrubbing,  also, 
methods  of  application  differ  according  to  the  individual  ideas  of 
the  designer.     One  method  comprises  introducing  the  gas  into  the 
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base  of  a  lead-lined  tank  or  tower  filled  with  water  or  weak  sulphuric 
acid,  whore  the  gas  stream  is  broken  by  means  of  a  perforated  plate 
ending  across  the  tower  above  the  gas  inlet,  or  other  suitable  con- 
trivance, into  small  streams  or  bubbles  that  rise  through  the  scrub- 
bing liquor  and  are  cleaned  thereby.  This  method  is  efficient  but 
requires  a  large  expenditure  of  power  to  overcome  the  head  of  the 
liquid  in  the  tower. 

Another  method  involves  filling  the  tower  with  a  suitable  distribut- 
ing rilling  such  as  is  used  in  a  Glover  tower,  and  continuously  cir- 
culating the  scrubbing  liquor  countercurrent  to  the  rising  stream  of 
gases  by  means  of  a  pump.  In  either  method  clean  water  or  weak 
acid  must  be  continually  added  to  the  liquor  and  part  of  the  liquor 
allowed  to  overflow,  or  else  the  whole  charge  of  liquor  must  be 
changed  as  soon  as  it  becomes  foul. 

The  great  disadvantage  of  this  system  is  that  there  is  no  internal 
cooling  of  the  scrubbing  liquor  during  the  scrubbing.  It  is  practi- 
cally impossible  on  a  large  commercial  scale  to  cool  the  gases  in  the 
large  lead-pipe  coolers  to  lower  than  30°  C.,  consequently  the  scrub- 
bing liquor  itself  soon  becomes  heated  and  the  gases  leave  the  liquor 
at  the  same  temperature  at  which  they  enter.  This  results  in  the 
gases  absorbing  a  large  proportion  of  moisture  from  the  weak,  warm 
scrubbing  liquor  and  is  equivalent  to  adding  that  much  steam  to  the 
gases*  The  temperature  of  the  gases  being  still  above  atmospheric, 
they  will  continue  to  be  cooled  in  the  filtering  and  spray-catching 
system;  a  large  amount  of  very  weak  acid  will  be  x^recipitated 
cut  and  a  great  deal  of  moisture,  will  also  be  carried  over  into  the 
diving  tower.  The  net  result  is  that  more  water  is  introduced  into 
the  gases  than  is  allowable  if  the  total  output  of  the  plant  is  desired 
to  be  in  the  form  of  fuming  sulphuric  acid  (oleum).  This  excess 
moisture  will  occur  as  weak  acid  drips  from  the  lead-pipe  coolers 
and  from  the  filtering  and  spray-catching  sj^stem,  as  weak  acid  over- 
flow from  the  scrubbing  tower,  and  as  moisture  which  must  be  re- 
moved in  the  drying  towers.  If  the  total  amount  of  water  which 
comes  out  of  the  system  in  the  form  of  weak  acid  is  too  large  to  be 
completely  utilized  in  the  absorbing  towers,  and  produce  the  high- 
strength  acid  desired,  the  excess  over  the  amount  actually  needed 
must  be  thrown  away,  resulting,  of  course,  in  the  loss  of  its  sul- 
phuric acid  content.  In  some  plants  this  excess  of  weak  acid  solution 
is  concentrated  by  heaters  and  then  used,  but  this  plan  is  not  desir- 
able unless  absolutely  necessary. 

FILTERING  THE  GASES. 

The  gases,  after  leaving  the  scrubbing  system,  carry  more  or  less 
acid  spray  or  mist,  and  also  occasionally  some  i?npurities  which  have 
not  been  completely  scrubbed  out,  such  as  traces  of  selenium,  lead, 
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zinc,  and  arsenic.  In  order  to  insure  that  any  or  all  of  those  foreign 
materials,  if  present,  are  removed  the  gas  is  filtered.  This  filtering 
is  performed  in  several  different  ways  and  with  several  different 
types  of  installation. 

COKE   FILTER. 

One  t}-pe  of  apparatus  which  has  proved  very  successful  and  is 
used  quite  extensively  is  the  coke  filter  (fig.  ±2).  This  is  nothing 
more  than  a  very  large  rectangular  lead-lined  box  filled  with  care- 
fully sized  and  washed  coke.  For  filtering  a  sufficient,  volume  of 
gases  to  produce  30  tons  of  sulphuric  acid  daily,  this  box  would  be 
about  30  to  40  feet  wide,  about  50  to  GO  feet  long,  and  about  12  to  15 
feet  deep.  The  sides,  ends,  top,  and  bottom  are  lead  lined  throughout. 
The  bottom  is  not  flat,  but  slopes  slightly  toward  the  center  from 
l>oth  sides,  and  a  shallow  drain  or  trough  runs  longitudinally  through 
the  center  of  the  bottom  for  its  full  length  and  discharges  at  one  end 
through  a  boot  or  trap.  This  central  drain  and  discharge  serves  to 
carry  off  the  precipitated  weak  acid,  together  with  whatever  dirt  or 
mechanical  impurities  is  washed  down  with  the  acid.  The  gas  en- 
trance is  situated  centrally  in  one  end  and  near  the  bottom;  the  dis- 
charge is  in  the  other  end  and  usually  near  the  top.  A  large  gas- 
diffusing  space  is  usually  constructed  around  the  gas  inlet  and  outlet 
on  the  inside  of  the  filter  box.  This  may  be  so  constructed  as  to  give 
a  large  area  for  uniform  diffusion  of  the  gases  into  the  coke  and  still 
not  become  plugged  with  the  fine  coke.  A  grill  is  also  built  over  the 
discharge  trough  in  the  center  of  the  bottom.  The  whole  box  is  filled 
completely  with  carefully  sized  and  washed  coke.  One-quarter-inch 
to  three-eighths-inch  lumps  are  used,  all  fines  being  carefully  washed 
out.  After  the  coke  is  all  in  and  well  settled  into  place,  the  lead  top 
is  put  on  and  burned  onto  the  sides.  Lead  strips  or  lead-covered  ribs 
extending  across  the  filter  box  on  the  under  side  of  the  top  and  pro- 
jecting well  down  into  the  coke  should  be  installed  at  frequent  inter- 
vals, so  that  if  there  is  any  further  settling  of  the  coke  after  the  top 
is  burned  in  place  the  gas  will  not  have  an  uninterrupted  flow 
through  the  open  space  left  between  the  coke  and  lead  cover. 

The  gas  enters  at  one  end  of  the  filter  box,  diffuses  into  the  coke, 
and  traverses  the  coke-filled  box  longitudinally,  finally  going  out  at 
the  other  end. 

The  coke  catches  all  the  spray  and  mist,  also  whatever  fume  has 
not  been  scrubbed  out,  and  these  trickle  down  and  are  discharged 
from  the  drain  in  the  bottom  of  the  filter  box. 

This  type  of  filter  is  expensive  to  install,  but  is  self  draining  and 
operates  satisfactorily,  providing  the  gases  are  scrubbed  very  free 
from  solids,  especially  lead  and  arsenic.  If  this  is  not  done,  washout 
holes  may  be  made  in  the  top  of  the  filter  box,  and  the  soluble 
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solids  and  some  of  the  insoluble  solids  partly  washed  out  from  time 
to  time.  However,  such  operation  is  not  very  successful,  owing  to 
channeling  of  the  water,  and  if  any  large  accumulation  of  solids, 


especially  lead  fume,  gets  by  the  scrubbing  system  the  coke  filter 
will  eventually  plug,  which  necessitates  taking  the  top  off  and  re- 
newing the  coke.     This  is  expensive  and  also  necessitates  a  plant 
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shutdown  of  considerable  duration  unless  a   duplicate  filter  is  in- 
stalled,  which  is  a  heavy  addition  to  the  installation  cost 
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Figure  23. — Cross  section  of  filter. 
LEAD-LINED  FILTER  BOXES. 

Another  system  of  gas  filtration  which  has  proved  very  success- 
ful comprises  a  large  number  of  small,  lead-lined  filter  boxes  gen- 
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•rally  arranged  in  set.-,  of  tlu-ee  in  series,  and  as  many  sets  as  the 
quantity  of  gas  to  he  filtered  demands.  (iSee  fig.  23.)  In  addi- 
tion, one  or  two  extra  Beta  are  usually  installed  as  spares  to  cut  in  to 
replace  sets  which  have  become  foul. 

Each  filter  box  is  usually  8  to  10  feet  square  and  2-J  to  3  feet  deep. 
The  boxes  are  of  substantial  construction  and  are  lead-covered  inside 
and  out.  The  boxes  are  under  suction  and  the  outer  lead  covering, 
which  is  backed  up  by  the  wooden  box,  has  to  withstand  the  suction 
pull  This  is  important,  as  these  filters  are  not  filled  with  a  solid 
filling  like  coke  which  will  hold  the  inner  lead  lining  in  place,  and 
it  is  very  difficult  to  hold  light  sheet  lead  from  collapsing  under 
suction  unless  backed  solidly  over  its  entire  surface.  At  the  top  of 
the  sides  the  lead  is  flared  over  so  as  to  present  a  horizontal  plane 
sin  tare  about  6  inches  wide  completely  around  the  filter  box. 

The  top  is  in  one  piece,  lead-lined,  and  very  heavily  ribbed  on  the 
outside.  Heavy  timbers  project  out  on  the  four  corners,  the  projec- 
tions being  used  as  faces  for  raising  the  top  by  means  of  four  hy- 
draulic jack.--.  The  lead  lining  of  the  top  projects  out  about  halfway 
on  the  horizontal  lead  flare  of  the  sides.  In  order  to  render  the  box 
tight  under  suction  it  is  only  necessary  to  lower  the  cover  into 
place,  batten  down  the  projecting  edges  of  the  lead  cover  against  the 
load  below,  and  lute  the  junction  with  a  plastic  material  such  as  a 
mixture  of  Portland  cement  and  soft  cup  grease.  The  gas  entrance 
is  in  the  center  of  one  side  and  near  the  top;  the  gas  exit  is  in  the 
center  of  the  other  side  and  near  the  bottom. 

As  previously  stated,  these  filter  boxes  are  usually  arranged  in 
straight-line  sets  of  three  in  series.  Each  box  contains  an  acid-proof 
brick  or  tile  grill  covering  the  bottom  and  occupying  about  1  foot 
of  the  depth  of  the  box.  On  top  of  this  grill  is  spread  a  layer  of 
straw.  On  top  of  the  straw  in  the  first  box  of  the  series  is  placed 
about  0  inches  of  fairly  coarse  pine  sawdust,  which  is  covered  with 
coarse  burlap  to  prevent  its  being  blown  away  at  the  point  of  gas  en- 
trance immediately  above  it. 

The  second  filter  box  also  contains  about  6  inches  of  sawdust, 
covered  with  a  thin,  hand-packed  layer  of  finely  fluffed,  long-fiber 
asbestos,  with  burlap  on  top  of  the  asbestos. 

The  third  filter  box  is  sometimes  filled  the  same  as  the  second  box, 
but  frequently  the  asbestos  and  part  of  the  sawdust  is  replaced  with 
a  layer  of  mineral  wool,  which  has  the  property  of  absorbing  chlorine 
and  aits  as  a  safety  factor  in  case  any  chlorine  gets  by  the  scrubbing 
system.  These  filters  all  operate  with  a  downward  gas  flow  and  are 
very  efficient  when  operated  in  this  manner.  Experiment  has  demon- 
strated that  they  are  not  effective  when  the  direction  of  gas  flow  is 
reversed. 
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Each  individual  filter  box  is  provided  with  a  tapped  drain  through 
which  the  acid,  if  any  is  caught,  drips  into  a  catch  tank  or  blow  case. 
Under  normal  operation  there  is  a  very  considerable  and  constant 
drip  from  the  first  filter  box  and  occasionally  there  is  a  small  drip 
from  the  second  box5  but  there  should  never  be  any  drip  from  the 
third  and  last  filter. 

On  each  filter  box  is  a  differential  pressure  gage  to  show  the 
resistance  to  gas  passage  through  the  filtering  medium,  and  con- 
tinuous readings  are  made  and  recorded.  The  record  shows  quickly 
when  a  filter  is  becoming  plugged ;  then  the  whole  set  is  cut  out  and 
a  fresh  set  cut  in  with  no  plant  shutdown.  The  filling  in  the  set 
which  has  been  cut  out  is  then  removed  and  replaced  with  fresh 
material.  Ordinarily  the  first  filter  has  to  be  renewed  every  seven 
or  eight  days,  the  second  filter  every  three  or  four  weeks,  and  the 
final  filter  every  six  or  eight  months. 

In  a  set  of  three  filters  built  as  above  described  each  square  foot 
of  filtering  surface  can  be  safely  figured  as  sufficient  to  filter  5  cubic 
feet  of  gas  per  minute  without  interposing  serious  resistance  to  the 
gas  flow.  As  three  filters  are  in  series,  this  means  that  15  cubic  feet 
of  gas  per  minute  is  actually  being  filtered  through  each  square  foot 
of  each  filter  set. 

DRYING  THE  S02  GASES. 

The  gases,  after  leaving  the  filters,  go  to  a  drying  tower  through  a 
lead,  steel,  or  even  a  wooden  pipe.  As  there  is  no  drop  in  tempera- 
ture after  leaving  the  filters  there  will  be  no  further  precipitation 
of  sulphuric  acid. 

The  drying  tower  (see  fig.  24)  is  of  cast  iron,  with  closed  top;  a 
large  flanged  gas  inlet  enters  the  side  of  the  tower  close  to  the  bottom 
at  a  downward  angle  so  that  none  of  the  drying  acid  can  run  back 
into  the  gas-inlet  pipe.  The  gas  outlet  is  either  in  the  top  or  in  the 
side  close  to  the  top.  A  grill  support  of  cast  iron  or  acid-proof  tile 
extends  across  the  base  of  the  tower  above  the  top  of  the  gas  inlet; 
the  incoming  gases  diffuse  in  the  open  space  under  the  grill  and  rise 
through  the  tower.  On  top  of  this  grill  for  a  depth  of  several  feet 
the  tower  is  filled  with  special  acid-proof  distributing  packing,  or 
quartz  pebbles  4  to  6  inches  in  diameter.  Above  this  packing  is  a 
space  of  8  to  12  inches  and,  if  the  tower  be  a  side-outlet  tower,  the 
gas  outlet  is  at  this  point.  The  tower  wall  is  flanged  at  the  top  of 
this  space,  and  on  this  flange  rests  another  cast-iron  section  with 
upper  and  lower  flange  and  with  a  solid  bottom.  In  this  bottom  are 
bored  countersunk  holes;  through  each  hole  extends  a  porcelain 
tube  of  small  bore  and  with  a  shoulder  on  one  end,  the  shoulder 
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fitting  down  into  the  countersink  in  the  iron  bottom  and  being 
cemented  in  with  acid-proof  cement.  The  porcelain  tubes  should 
be  of  J -inch  to  f-inch  bore  and  long  enough  to  extend  through  the 
space  below  down  into  the  quartz  or  tile  tower  filling.  This  upper 
section  forms  the  acid  distributing  pan  and  is  provided  with  a 
Hanged  acid  inlet  in  the  side.  A  flat  cast-iron  top  covers  the  pan, 
being  bolted  to  the  top  flange  of 
the  pan.  and  having  a  number  of 
glass  windows  through  which  the 
operator  may  observe  the  acid  in 
the  pan  below.  These  windows 
may  be  removed  and  the  pan 
cleaned  out  or  the  porcelain  tubes 
punched  free  from  dirt  if  occa- 
sion arises.  The  acid  for  drying 
is  a  portion  of  the  same  acid  that 
is  used  for  absorbing  the  S03. 
Acid  is  delivered  to  the  drier  b}' 
the  same  pump  that  delivers  acid 
to  the  absorber,  and  the  dis- 
charge from  the  drier  goes  to  the 
same  coolers  that  also  serve  the 
absorber.  This  is  described  in 
connection  with  the  absorption 
system.  Tests  of  the  gas  after 
leaving  the  drier  permit  the 
operator  to  regulate  the  amount 
of  acid  circulation  necessary  to 
dry  the  gas. 

GAS  BLOWER. 

The  gas  is  handled  by  means  of 
a  positive  blower  such  as  the  Con- 
nersville  or  Root  types.  This 
blower  should  be  of  ample  size 

and  is  USUallv  driven  by  means  Of  Figure  24.— Absorber  and  drier  as  used  in  the 

•11  -,  x,   .         ,         Badische  system,     a,  Acid  inlet ;  Jj,  gas  in- 

a  variable-Speed  motor.     It  IS  ad-       iet;   c,  gas   outlet;   d,  plate  glass;   e,  pan; 

Visable  to  COVer  the  whole  interior      1*  Porcelain  tubes  ;  g,  fine  quartz  ;   ft,  3-inch 

»  <•     .1         11  •,!  quartz;   i,  6-inch  quartz. 

surface    01    the    blower    with    a 

coat  of  heavy  cup  grease  and  to  renew   this  covering  every  six 

months  or  every  year. 
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GAS  PREHEATING. 

The  gases  from  the  blower  enter  the  preheating  furnace  and  are 
heated  to  reaction  temperature  which,  as  has  been  previously  stated, 
is  usually  about  420°  C.  Preheating  is  usually  clone  in  vertical  cast- 
iron  U  tubes  about  4  to  6  inches  inside  diameter  by  7  to  8  feet 
long.  (Fig.  25.)  The  wall  thickness  of  the  preheating  tubes  is 
J  to  1  inch.  The  gases  are  delivered  from  a  header  into  a  number 
of  these  tubes  in  parallel;  the  tubes  are  connected  in  series  with  a 
considerable  number  of  similar  U  tubes  by  means  of  cast-iron  return 
bands.  Flanged  connections  between  the  tube  ends  and  the  return 
bands  are  inadvisable,  because  the  steel  bolts  of  the  connection 
would  expand,  causing  gas  leakage.  A  very  good  type  of  connection 
consists  of  casting  a  shoulder  about  1  inch  wide  around  the  out- 
side of  the  open  ends  of  the  U  tubes  (or,  if  the  return  bend  is  on 
the  bottom,  around  the  outside  of  the  return-bend  open  ends)  about 
2-J  inches  from  the  ends.  A  cast-iron  ring  about  t§  inches  larger 
in  internal  diameter  than  the  outside  diameter  of  the  tubes  is  then 
set  on  this  shoulder.  This  ring  is  about  £  inch  thick  and  about  5 
inches  high,  and  when  set  on  the  shoulder  projects  about  2|  inches 
above  the  tube  end.  The  open  end  of  the  return  bend  is  then  set 
down  inside  the  ring  and  exactly  on  the  tube  end  and  the  f-inch 
space  between  the  inside  of  the  ring,  and  the  outer  walls  of  the  tube 
and  return  bend  is  tamped  full  of  a  mixture  of  sal  ammoniac  and 
fine  iron  filings.  This  results  in  the  formation  of  a  so-called  "  rust 
joint,"  which  is  very  strong  and  does  not  leak  when  heated.  If  the 
tubes  have  to  be  replaced,  the  cast-iron  rings  may  be  easily  broken 
with  a  hammer  and  a  new  ring  used,  as  the  cutting  out  of  such  a 
rust  filling  with  a  chisel  is  very  difficult  and  almost  sure  to  break 
the  ring. 

The  tubes  are  usually  arranged  with  about  twice  as  many  in  series 
as  there  are  in  parallel,  therefore  the  containing  furnace  is  rectangu- 
lar in  shape.  (See  fig.  26.)  The  vertical  plane  through  the  centers 
of  the  two  arms  of  the  U  tube  is  not  parallel  to  the  side  wall  of  the 
furnace  but  is  usually  at  an  angle  with  it,  which  staggers  each  row 
and  assists  in  obtaining  much  better  convection  in  the  hot  furnace 
gases.  These  furnaces  should  be  fired  witli  coal,  coke,  gas,  or  fuel 
oil.  The  flow  of  gases  to  be  preheated  should  be  countercurrent  to  the 
direction  of  the  hot  combustion  gases  passing  through  the  furnace 
and  around  the  outside  of  the  tubes.  The  first  row  of  tubes  next  to 
the  fire  should  be  protected  somewhat  from  the  direct  impact  of  the 
flames  by  a  fire-brick  grill  work  or  similar  installation.  A  heat  trans- 
fer of  1.5  B.  t.  u.  per  square  foot  per  degree  Fahrenheit  difference  per 
hour  or  7.3  kg-calories  per  square  meter  per  degree  centigrade  dif- 
ference) is  all  that  can  be  safely  figured  on  for  the  exposed  area  of 
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Figure  ^0.— l'reheating  furnace.  Fire  box  shown  is  for  crude-oil  fuel,  a,  S03  gas  inlet; 
h,  six  hundred  lj-inch  boiler  tubes,  10  Inches  long;  o,  S03  gas  outlet;  d,  SOs  gas  outlet; 
e,  S03  gas  outlet. 
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DETAIL  OF  ROOF  SUPPORT 

Fiul-ee  26.— Preheater  details. 
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the  preheating  tubes.  Ample  tube  surface  should  always  be  provided 
so  that  the  tubes  next  to  the  fire  will  not  have  to  be  heated  too  high 
in  order  to  obtain  the  required  temperature  of  S02  gases,  and  also 
to  utilize  all  the  heat  of  the  combustion  gases.  If  properly  designed 
and  constructed,  this  type  of  preheating  furnace  will  operate  with 
very  little  trouble. 

In  a  well-designed  furnace,  with  gases  averaging  G  per  cent  S02  by 
volume,  the  fuel  consumption  per  net  ton  of  H2S04  produced  varies 
between  550  pounds  and  700  pounds  of  coal.  With  fuel  oil  a  con- 
siderably higher  efficiency  may  be  obtained,  and  the  amount  of  oil 
burned  per  net  ton  acid  will  vary  from  1  barrel  to  1\  barrels.  The 
fuel  burned  for  preheating  per  ton  of  acid  produced  will  vary,  of 
course,  according  to  the  S02  content  of  the  gas. 

HEAT    TRANSFER   SYSTEMS. 

The  oxidation  of  SOa  is  an  extremely  exothermic  reaction,  and  the 
heat  thus  generated  in  the  converter  is  frequently  utilized  to  preheat 
partly  or  completely  to  the  reaction  temperature  the  cold  S02  gases 
entering  the  converter.  This  procedure  has  several  distinct  advan- 
tages, as  follows: 

1.  Part  or  all  of  the  fuel  required  for  gas  preheating  is  saved 
and  this  results  in  an  important  saving,  both  of  materials  and  labor. 

2.  The  danger  of  overheating  the  gases  in  the  converter  and  conse- 
quent poor  conversion  is  greatly  minimized  or  done  away  with  en- 
tirely. 

3.  Repairs  on  the  SO,  preheating  installation  are  reduced  to  a 
minimum. 

4.  The  hot  S03  gases  leaving  the  converter  lose  a  large  part  of 
their  heat  to  the  entering  cold  S02  gases,  thereby  simplifying  the 
problem  of  cooling  the  S03  gases  before  absorption  and  reducing  the 
cooling  equipment  required. 

One  of  the  best  systems  of  heat  transfer  used,  especially  in  con- 
nection with  the  "  Badische  "  process,  involves  the  oxidation  of  the 
S02  to  S03  in  two  steps  by  means  of  two  converters  in  series,  and 
the  transfer  of  heat  generated  by  oxidation  in  these  converters  into 
the  incoming  SOa  gas  by  means  of  two  exchangers  in  series.  (Fig. 
27.)  The  exchangers  resemble  surface  condensers  set  on  end,  and 
are  vertical  steel  cylinders  with  closed  ends,  each  end  being  pro- 
vided with  a  flanged  opening  for  gas  inlet  or  outlet.  The  tube  sheets 
and  the  tubes  are  of  steel;  the  two  flanged  openings  are  on  opposite 
sides  of  the  cylinder  and  close  to  the  tube  sheets.  The  tubes  vary 
from  1J  inches  to  2f  inches  in  diameter,  and  from  10  feet  to  17  feet 
long,  according  to  different  conditions  and  designs. 
147955°— 20 12 
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The  cold  S02  gases  enter  heat  exchanger  1  and  are  partly  pre- 
heated, after  which  they  pass  to  exchanger  2  in  series,  where  the 
gases  are  preheated  to  their  highest  temperature.     The  gases  then 

enter  converter  1  where  the  S02 
is  partly  converted  to  S03  with 
liberation  of  heat  and  consequent 
rise  in  temperature.  The  mixture 
of  Jiot  S02  and  S03  gases  then 
goes  to  heat  exchanger  2.  where 
the  gases  give  up  some  of  their 
heat  to  the  incoming  S02  gases. 
From  heat  exchanger  2  they  pass 
to  converter  2,  where  the  oxidation 
to  S03  is  completed  and  the  tem- 
perature again  rises.  The  hot 
SOs  gases  from  converter  2  then 
pass  through  heat  exchanger  1 
and  give  up  heat  to  the  cold  SO, 
gases  entering  this  exchanger. 
The  S03  gases  then  go  to  the  final 
cooling  and  absorption  system. 

This  conversion  and  transfer  of 
heat  in  two  stages  permits  much 
better  control  of  temperature  than 
is  possible  when  conversion  is  ac- 
complished in  one  stage,  and  also 
prevents  overheating  in  the  con- 
verters. By-passes  provided  around 
the  units  of  the  system  may  be  used 
to  attain  closer  regulation  if  neces- 
sary. The  entire  installation,  in- 
cluding both  converters  and  heat 
exchangers,  is  thoroughly  insulated 
in  order  to  conserve  heat.  With 
this  type  of  heat-transfer  system, 
no  auxiliary  preheating  is  neces- 
sary after  the  first  preheating  in 
order  to  start  the  reaction;  there- 
fore, the  preheating  furnace  is  cut 
out  of  the  sjstem  by  means  of  a 
by-pass. 

Another  general  scheme  of  heat  transfer,  used  especially  in  con- 
nection with  the  "Mannheim"  system,  involves  utilizing  the  heat 
from  the  S03  gases  coming  from  the  platinum-catalyzer  shaft  to  pre- 
heat partly  the  S02  gases  entering  the  shaft.    This  is  done  in  an  ex- 
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:  27. — Heat  exchanger  :  a,  S03  gas 
inlet  :  b.  six  hundred  li-incli  boiler 
tubes  10  ft.  long ;  c,  SOo  gas  outlet ; 
U,  HO::  gas  outlet ;  e,  SOo  gas  inlet. 
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changer  similar  to  tliat  described  in  connection  with  tke  "  Badische " 
practice.  The  S( )_,  gases  after  leaving  this  exchanger  are  still 
further  preheated  in  a  system  of  large  horizontal  cast-iron  pipes  in- 
stalled immediately  over  the  arches  of  the  oxide-catalyzer  shafts. 
Then  the  gases  are  brought  to  the  requisite  temperature  for  reaction 
in  the  platinum-catalyzer  shaft  in  a  cast-iron  preheating  furnace 
similar  to  that  previously  described.  However,  as  only  a  compar- 
atively small  boost  in  temperature  is  required  after  the  gases  leave 
the  last  exchanger,  this  final  preheating  furnace  is  comparatively 
small  and  the  fuel  consumption  very  low. 

Another  type  of  heat  transfer,  used  especially  in  connection  with 
the  "  < '.irillo-Schroeder  "  system,  utilizes  the  heat  of  reaction  from  the 
converter  to  preheat  the  incoming  SO,  gases  by  passing  them 
through  an  annular  space  between  the  converter  shell  and  an  exterior 
shell  large  enough  to  leave  space  for  such  gas  passage.  The  details 
of  the  construction  and  operation  of  this  type  of  heat  transfer  will 
be  discussed  in  connection  with  the  converter. 

In  another  method  of  partial  preheating,  utilized  especially  by  the 
"  Tentelew  "  process,  heat  from  the  reaction  gases  is  radiated  through 
a  specially  constructed  cast-iron  grill  floor  carrying  the  contact  ma- 
terial up  into  the  SQ2  gases  entering  above  the  grill  floor.  The  de- 
tails of  the  application  of  this  method  are  discussed  in  connection 
with  the  converter  as  used  in  the  "Tentelew"  process,  on  page  181. 

In  general,  the  statement  may  be  made  that  it  is  feasible  to  utilize 
the  heat  generated  by  the  oxidation  of  S02  to  S03  to  preheat  partly 
or  entirely  the  incoming  S02  gases  to  a  temperature  at  which  oxida- 
tion by  means  of  the  platinum  catalyzer  will  take  place;  that  the 
extent  to  which  such  preheating  may  be  carried  depends  upon  the 
design  and  mechanical  construction  of  the  heat-transferring  appara- 
and  also  upon  the  S02  concentration  in  the  gases,  which  is  an  im- 
portant factor  in  determining  the  maximum  temperature  attainable 
by  heat  transference. 

GAS  CONVERTERS  AND  CATALYTIC  MATERIAL. 

COXVERTKl:-.     <  i  >N  STKICTKI)     ON      II  KAT-TKANSKEIi     PRINCIPLE     AND    USING 
PLATINIZED  MAGNESIUM  SULPHATE. 

Figure  28  shows  a  combined  converter  and  heat  exchanger. 

The  converter  has  an  outer  shell  77  feet  4  inches  in  diameter  by 
lo  feet  8  inches  high,  and  a  concentric  inner  shell  6  feet  6  inches  in 
diameter  by  12  feet  8  inches  high,  which  is  closed  at  the  bottom  by 
a  dished  plate,  and  fitted  with  an  outlet  10  inches  in  diameter. 

The  inner  shell  is  arranged  to  receive  four  separate  layers  of  con- 
tact mass,  each  weighing  2,500  pounds  and  spaced  at  intervals  of 
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2  feet  11J  inches.  The  mass  is  carried  on  perforated  plates  three- 
sixteenths  of  an  inch  thick ;  8^  inches  below  each  plate  is  fixed  a  cast- 
iron  circular  baffle  plate  with  an  open  5-inch  space  between  the  edge 
of  the  plate  and  the  walls  of  the  inner  shell.  The  baffles  serve  to 
divert  the  gases,  after  each  contact,  to  the  walls  of  the  inner  shell, 
thus  insuring  desirable  heat  exchange  with  the  gases  circulating  be- 
tween the  outer  and  inner  shells. 

The  hot  dry  S02-air  mixture 
enters  the  outer  shell  tangen- 
Lially,  at  the  base,  through  10- 
mch  diameter  inlet  pipes  and  is 
compelled,  by  baffles,  to  circulate 
spirally  in  the  space  between  the 
two  shells,  being  heated  by  the 
gases  inside  the  inner  shell.  Hav- 
ing arrived  at  the  top  of  the  inner 
shell,  the  gases  first  pass  down- 
ward through  a  layer  of  un- 
platinized  material,  and  then  in 
hirn  through  the  layers  of  plati- 
nized material  on  the  perforated 
jlates  below,  being  heated  by  the 
heat  of  conversion  as  each  con- 
tact mass  is  passed  through,  and 
cooled  as  the  corresponding  baffle 
plate  compels  circulation  along 
the  sides  of  the  shell.  Finally 
the  gases  pass  through  the  10- 
inch  outlet  to  the  heat  exchangers 
as  already  described  and  thence 
to  the  S03  coolers. 

CONVERSION. 
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The    essential    conditions    for 


Figure  28. — Combined  converter  and  heat 
exchanger   used   in   "  Grillo-Schroeder  " 
system,      a,    S03   gases    from    preheater 
furnace,  used  in  starling;  b,  SOs  gases,       good    conversion — that    is,    96    to 
cold  ;  c,  S03  gases.  v  „,    .  ,      .    a 

97  per  cent  efficiency — are  briefly 
as  follows:  (a)  Careful  operation  of  the  burners  and  the  sup- 
plementary air  inlet  in  order  to  obtain  a  steady  composition  of 
the  gases  entering  the  converters;  (b)  efficiency  in  the  purifica- 
tion system;  (c)  the  maintenance  of  low  temperatures  in  the  con- 
verters, no  temperature  to  exceed  480°  C. ;  (d)  the  exit  tempera- 
ture of  the  gases  leaving  the  converters  should  be  about  410°  C. ;  (e) 
all  temperatures  should  be  kept  steady. 
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The  temperature  at  which  conversion  commences  is  a  function  of 
the  velocity  of  the  gases,  as  is  shown  in  the  table  following: 

Relation  of  conversion  temperature  to  velocity  <>[  gases. 


Sulphur 

cha 

pounds, 

Velocity  of 
gases,  feet 
per  second. 

Temperature  tit 
which  conversion 

of  SO..  toSU, 

starts,  °C. 

33 
70 
BO 

4.0 
8.0 

9.2 

360-370 
870-380 
390-400 

The  converter  temperatures  must  be  carefully  watched  so  that  a 
uniform  distribution  of  load  is  obtained,  the  maximum  temperature 
at  any  point  being  480°  C.  and  the  exit  temperature  within  10° 
of  410°  C. 

Temporary  "poisoning"  of  the  contact  mass — such  as  is  due  to 
halogens — has  the  same  effect  as  increasing  the  velocity  of  the 
gases,  in  that  a  higher  temperature  is  required  to  start  conversion. 
If  the  temperature  can  be  raised  quickly,  temporary  poisoning  can 
be  ovecome,  otherwise  the  poison  must  be  removed  by  roasting  the 
mass  for  about  four  hours  with  air  at  450°  C. 


CONVERTERS    CONSTRUCTED    WITHOUT    HEAT-TRANSFER    PRINCIPLE. 

A  type  of  converter  radically  different  from  the  one  previously 
described  in  connection  with  the  "  Grillo-Schroeder  "  system  is  fre- 
quently used  where  the  design  calls  for  the  preheating  of  the  gas 
entirely  by  means  of  externally  fired  furnaces,  or  a  separate  heat 
exchanger,  such  as  described  in  connection  with  the  "  Badische " 
system.  This  converter  (fig.  29)  consists  of  a  cast-iron  shell  usually 
about  6  feet  in  diameter  and  10  to  12  feet  high,  with  a  flanged  gas 
inlet  at  the  base  and  a  flanged  gas  outlet  in  the  dome  cover  at  the 
top.  Ribs  are  cast  around  the  inside  of  this  shell,  which  serve  as 
bearings  for  the  cast-iron  grill  floors  or  shelves.  These  shelves  are 
usually  spaced  about  18  inches  or  2  feet  apart,  and  there  are  gener- 
ally five  shelves  to  each  converter  tube.  About  1,500  pounds  net 
dry  weight  of  magnesium  sulphate  contact-material  is  placed  upon 
each  shelf,  the  coarsest  material  being  spread  over  the  shelf  first, 
then  a  layer  of  the  medium-sized  material,  and  finally  a  top  layer 
of  smaller  sized  material.  Pj^rometer  couples  are  placed  over  the 
shelves  to  indicate  the  rise  in  temperature  taking  place  within,  and 
the  whole  converter  tube  is  insulated  against  too  great  heat  loss, 
the  amount  of  this  insulation  being  determined  by  observation  of 
temperature  conditions  after  the  unit  is  in  use.  The  SO,  gas  enters 
directly  from  the  preheating  furnace  or  from  the  heat  exchanger, 
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if  one  is  used,  into  the  base  of  the  converter,  passes  upward  through 
the  catalytic  material  and  is  oxidized  to  S02,  the  gases  finally  pass- 
ing out  at  the  top.  There  are  usually  two  converters  of  this  size, 
in  parallel,  to  each  unit,  having  a  capacity  of  18  to  20  tons  H2S04 

per  24  hours,  but  some  designers  prefer  to 
use  smaller  tubes  (5  feet  in  diameter)  and 
use  four  tubes  to  a  unit. 


PLATINUM    CATALYZER  WITH   MAGNESIUM 
SULPHATE  CARRIER. 

The  contact  material  used  in  the  so-called 
"  Grillo-Schroeder  "  system  is  platinum  cat- 
alyzer with  magnesium  sulphate  carrier. 
Magnesium  sulphate,  when  properly  cal- 
cined, has  the  property  of  forming  a  hard 
but  very  porous  mass  resembling  pumice 
stone  but  more  porous. 

One  method  of  preparing  this  type  of 
contact  material  is  as  follows: 

METHOD  OF  PREPARATION. 

The  magnesium  sulphate  crystals  are 
first  calcined  in  flat  iron  pans,  5  feet  by  2 
feet  9  inches  by  3  inches  deep,  giving  a 
cake,  after  baking,  containing  about  14  per 
cent  moisture.  This  is  passed  through  a 
Sturtevant  crusher,  set  for  the  finest  prod- 
uct, and  then  ground  to  dust  (first  dust) 
in  a  "  devil "  disintegrator,  mixed  with 
water  and  rebaked  or  recalcined  in  a  hot 
pan  of  the  same  dimensions  as  the  first. 

The  second  cake  is  passed  through  a  Stur- 
tevant crusher,  set  for  the  coarsest  product, 
and  then  through  a  rotating  trommel  screen,  and  graded  as  fol- 


Figuue  29, — Contact  cham- 
ber as  used  in  the  Grillo- 
Schroeder  system,  a,  Gas 
inlet ;    l>,    gas    outlet. 


mass, 


from 


lows:   (a)   Dust;   (b)   dust  under  one-half  inch;    (c) 
three- fourths  inch  to  one-half  inch. 

The  "mass"  (grade  c)  is  then  stored,  ready  for  platinizing,  while 
grades  a  and  b  are  passed  through  the  disintegrator  for  the  formation 
of  dust  (second  dust^  for  rebaking. 

The  finished  mass  contains  slightly  more  than  9  per  cent  water, 
and  should  be  hard,  resembling  pumice  stone  in  its  tenacity,  and  hav- 
ing a  vitreous  fracture.  A  good  test  for  the  hardness  of  the  mass  is 
obtained  by  rubbing  two  pieces  together.    Good  mass  will  resist  the 
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friction  and  pressure,  only  giving  a  little  surface  dust  and  tending 
to  become  polished.  It  is  extremely  important  that  the  mass  should 
not  be  friable,  as  disintegration  would  result  when  the  mass  is  intro- 
duced into  the  converter,  and  probably  lead  to  loss  of  platinum,  as 
well  as  causing  increased  resistance  to  the  passage  of  the  gases 
through  the  converter. 

PRODUCTION  OF  THE  FIRST  CAKE. 

The  essentials  for  the  production  of  a  satisfactory  first  cake  are  as 
follows : 

{a)  The  purest  crystals  only  should  be  used,  otherwise  a  porous 
cake  will  l>e  produced. 

( 6 )  As  soon  as  the  contents  of  the  pan  have  become  solid,  it  must 
be  frequently  rubbed  over  to  insure  a  compact  mass. 

(<■)  The  normal  time  of  baking  is  about  seven  hours,  but  pro- 
longed heating  does  not  affect  the  first  cake  adversely. 

(d)   The  normal  charge  per  pan  is  200  pounds. 

( i  )  The  first  dust  must  be  as  fine  as  possible,  smooth  to  the  touch, 
and  free  from  unreduced  grits. 

PRODUCTION    OF   SECOND    CAKE. 

The  essentials  for  the  production  of  a  satisfactory  second  cake  are 
as  follows : 

(</)  This  should  be  made  from  equal  proportions  of  the  first  and 
second  dust. 

( b )  The  charge  per  pan  equals  140  pounds  of  dust,  mixed  into  a 
thick  cream  with  about  6i  gallons  of  water.  This  gives  a  cake  1.1 
indies  to  1.3  inches  thick. 

(c)  The  mixing,  with  rakes,  must  be  very  thorough. 

(d)  The  initial  temperature  of  the  pan  must  be  such  as  to  cause 
the  mixture  to  boil  freely,  but  not  vigorously.  If  this  condition  is 
obtained  and  the  mixing  is  carried  out  properly,  the  cake  dries 
quickly  without  "  explosions." 

(<)  The  cake  must  be  evenly  dried  and  baked,  and  should  be 
tested  for  hardness  before  removal  from  the  pan. 

(/)  Each  cake  should  be  tested  individually  after  removal  and 
cooling  and.  if  not  a  good  sample,  reduced  to  second  dust  for  re- 
caking. 

i  g)  The  cake  must  be  absolutely  cold  before  crushing,  if  the  maxi- 
mum yield  of  correct  size  is  to  be  obtained. 

(h)  The  mass  for  platinizing  should  not  be  riddled  for  two  or 
three  days,  as  a  #ood  sample  of  cake  becomes  harder  on  storage. 
Bad  mass,  on  the  contrary,  deteriorates. 
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PLATINIZING. 

The  mass  is  first  carefully  riddled  over  a  f-inch  mesh  screen  to  free 
it  from  dust.  It  is  then  placed  in  pottery  trays  on  rubber  mats  in 
lots  of  200  pounds;  this  quantity,  with  a  moisture  content  of  9  to  10 
per  cent,  is  equivalent  to  180  pounds  of  MgS04.  The  amount  of 
platinum  chloride  required  to  give  an  0.3  per  cent  platinum  content 
is  then  weighed  out  and  dissolved  in  about  2f  gallons  of  water.  This 
is  evenly  spread  over  the  mass,  which  is  continually  raked  over  to 
expose  a  fresh  surface.  A  glass  spray  is  used,  and  the  head  to  pro- 
duce spraying  is  obtained  by  'raising  the  solution  container  to  the 
necessary  height  by  means  of  pulleys. 

Heat  is  evolved  during  spraying  and,  after  all  the  solution  has 
been  disposed  of,  the  mass  is  allowed  to  remain  for  at  least  eight 
hours  before  being  removed  to  the  converters. 

Another  method  of  preparing  the  platinized  magnesium  sulphate 
mass,  somewhat  simpler  and  giving  a  more  uniform  platinum  distri- 
bution but  entailing  a  larger  loss  in  platinum  unless  great  care  is 
used,  is  as  follows : 

The  magnesium  sulphate  crystals  are  spread  out  in  a  steel  pan 
about  4  feet  wide  by  8  feet  long  by  10  inches  deep — about  1,000 
pounds  of  the  crystals  being  used  for  each  pan  charge.  A  very 
dilute  solution  of  platinic  chloride  is  then  sprayed  evenly  over  the 
whole  exposed  surface  until  the  desired  amount  of  platinum  has  been 
added.  When  this  has  soaked  in,  the  moist  mass  of  crystals  is  thor- 
oughly mixed  by  means  of  shovels.  The  impregnated  mass  of  crys- 
tals is  then  shoveled  onto  the  tile  hearth  of  a  furnace.  This  fur- 
nace (fig.  30)  is  constructed  so  that  the  products  of  combustion  pass 
under  the  tile  hearth,  then  up  over  a  bridge  wall,  back  over  the  mass 
of  crystals  on  the  hearth,  and,  finally,  out  of  a  stack.  The  hearth  is 
usually  about  4  feet  wide  by  10  feet  long.  In  one  side  three  wide 
doors  are  provided,  through  which  the  material  is  shoveled  in  and 
raked  out  and  through  which  the  charge  is  spudded  and  rabbled. 
The  base  of  these  doors  is  on  the  same  level  as  the  hearth;  a  shelf 
about  1  foot  wide  extends  along  the  outside  of  the  furnace,  also  at 
the  hearth  level. 

Every  endeavor  is  made  to  have  a  neutral  or  reducing  flame  in 
firing  the  furnace,  especially  on  the  first  cooking  of  the  platinized 
crystals. 

The  tile  hearth  should  be  hot  (300°  to  400°  C.)  when  the  crystals 
are  shoveled  in.  The  door  exits  should  be  dammed  to  a  depth  of 
6  or  8  inches  with  fine,  previously  calcined  material  and  the  doors 
shut  at  once  in  order  to  keep  out  all  excess  oxygen. 

The  magnesium-sulphate  crystals  melt  in  their  own  water  of  crys- 
tallization, and  as  this  water  is  evaporated  off  the  whole  mass  swells 
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up  in  a  porous,  moist  cake.  When  this  condition  is  reached  a  strong 
crust  has  been  formed  next  to  the  hearth,  and  at  this  point  the  cake 
should  be  broken  up  and  turned  over  by  means  of  a  wide,  flat-nosed 
steel  spud  driven  in  between  the  tile  hearth  and  the  hard  crust  on 
the  underside  of  the  cake.  The  large  chunks  are  then  broken  up 
and  turned  over  from  time  to  time  until  all  the  moisture  is  evap- 
orated except  the  last  molecule  of  the  water  of  crystallization.  The 
cake  is  then  raked  out  and  cooled.  After  cooling  it  is  ground  through 
close-set  fluted  rolls  or  in  a  grinder.  Care  must  be  taken  to  avoid 
dust  loss.  The  ground  product  is  then  remixed  with  enough  water 
to  make  a  thick  paste  and  allowed  to  set  until  it  solidifies.  It  is  then 
reroasted  in  the  same  manner  as  before,  except  that  the  hearth  may 
be  a  little  hotter  to  start  with  and  such  great  care  need  not  be  taken 
to  maintain  reducing  conditions. 

The  cake  from  the  second  roasting  is  run  through  a  pair  of  fluted 
rolls  set  about  three- fourths  of  an  inch  or  1  inch  apart.  The  crushed 
product  is  then  sized  through  a  set  of  shaking  slotted  screens.  Four 
sizes  of  final  product  are  obtained:  (1)  Through  5-inch  by  f-inch 
slots — fines  which  are  crushed  and  refurnaced;  (2)  through  ^-inch. 
by  f-inch  slots,  on  J-inch  by  f-inch  slots;  (3)  through  f-inch  by  14- 
inch  slots  on  J-inch  by  f-inch  slots;  (4)  through  1-inch  by  1^-inch 
slots  on  f-inch  by  1^-inch  slots. 

There  is  no  oversize,  as  it  is  spalled  on  the  top  screen  until  it  passes 
through  the  1-inch  by  14-inch  slots.  The  finished  material  is  put 
into  closed  bins,  each  size  being  in  a  separate  bin,  and  is  kept  there 
until  it  is  placed  in  the  converter. 

AMOUNT  OF  CATALYTIC  MATERIAL  REQUIRED. 

A  wide  divergence  is  found  in  different  plants  as  to  the  quantity  of 
platinum  required  to  oxidize  a  given  quantity  of  S02  gas  and  also 
the  quantity  of  carrier  necessary  for  such  platinum,  or  in  other 
words,  the  platinum  concentration  of  the  contact  mass.  As  a  matter 
of  fact,  there  are  many  features  which  radically  influence  capachty. 
Principal  among  these  may  be  mentioned : 

1.  Absolute  cleanliness  of  the  gas,  not  only  from  mechanical  im- 
purities, but  also  from  gaseous  impurities,  especially  the  halogens, 
AsH3,  and  similar  gases.  The  presence  of  any  of  these  impurities 
will  interfere  with  conversion  and  cut  down  the  capacity  decidedly. 

2.  Porosity  of  platinum  carrier  or  actual  surface  exposure  for  a 
given  weight  of  platinum  used. 

3.  Concentration  of  S02  in  the  gases  and  efficiency  of  conversion 
desired.  A  large  increase  in  the  amount  of  S02  oxidized  by  a  given 
weight  of  platinum  is  possible  if  the  cost  of  sulphur  dioxide  is  not 
a  large  factor,  and  high  conversion  and  consequent  high  yield  from 
sulphur  is  not  an  essential. 
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4.  Fairly  accurate  control  of  heat  condition*  within  the  converter 
in  order  to  avoid  too  high  temperatures  with  consequent  inhibition 
at  the  oxidation  or  reveiMil  of  the  reaction. 

Tn  general,  it  ma\  be  stated  that,  with  very  efficient  operation. 
Using  absolutely  clean  sulphur  dioxide  ga-  at  a  concentration  of 
6 to  7  per  cent  SO  along  with  the  carefully  prepared,  very  porous, 
magnesium  sulphate  coin  act  material,  and  with  proper  control  of 
temperatures  the  average  practice  in  the  United  States  uses  1-1  to 
!<*>  Troy  ounces  of  platinum  for  each  ton  of  H.,S04  (monohydrate 
basis)  daily  production.  Plants  are  now  in  operation  using  only 
1  2  ounces  of  platinum  per  ton  of  H2S04  production. 

A-  regards  the  platinum  concentration  in  the  contact  material, 
this  varies  from  OJL  to  O.?)  per  cent  lry  weight,  but  the  evidence  is  not 
conclusive  that  either  of  these  extremes  is  preferable,  as  the  porosity 
and  consequent  surface  exposure  of  the  platinum  carrier  varies 
dly.  It  has  frequently  been  found  advisable  to  fill  the  converter 
with  contact  material  of  several  different  platinum  contents,  using 
material  of  0.1  per  cent  content  for  the  initial  oxidation  and  finishing 
with  material  of  considerably  higher  platinum  content. 

TREATMENT   OF  FOUL   MAGNESITJM-STTLPHATE    CONTACT   MASS   TO   REVIVE   ITS 

ACTIVITY. 

If  the  loss  of  activity  is  due  to  temporary  "poisoning,"  such  as  is 
caused  by  the  presence  of  halogens,  the  cause  of  the  trouble — that  is 
t"  -ay.  the  poisonous  gases — should  be  first  corrected,  after  which 
raising  the  temperature  of  the  incoming  gases  will  frequently  in- 
crease the  conversion  to  its  original  efficiency.  If  this  be  done  the 
■erature  must  be  lowered  very  slowly  to  its  original  point,  and 
sometimes  must  be  maintained  at  5°  or  10°  C.  higher  than  the  orig- 
inal point. 

If  the  poisoning  is  more  serious,  caused  by  traces  of  arsenic  or 
other  similar  compounds,  this  condition  can  be  largely  overcome  by 
shutting  down  the  converter  while  hot  and  immediately  filling  it 
with  chlorine  gas,  blinding  the  inlet  and  outlet  of  the  converter,  and 
permitting  the  contact  mass  to  stand,  heated,  in  the  atmosphere  of 
chlorine  for  about  21  hours,  when  the  converter  should  be  again  cut 
into  the  system  and  brought  up  to  the  required  temperature  by  pass- 
ing hot  SO.,,  gas  through  it.  Within  18  to  24  hours  after  the  SO, 
gas  is  introduced  good  conversion  is  usually  obtained;  if  the  poison- 
ing has  not  been  too  serious,  the  conversion  efficiency  will  be  nearly 
that  of  the  new,  clean  material. 

If  the  poisoning  is  vevy  serious,  e;i  u>ed  by  large  amounts  of  arsenic, 
.  or  other  impurities,  the.  contact  material  must  be  taken  out  of 
the  converter,  treated,  and  reroasted.  The  method  of  treatment  is  as 
follows : 
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Into  a  rectangular  wooden  box,  about  4  feet  wide  by  10  feet  long 
by  12  to  14  inches  deep,  should  be  placed  enough  pure  water  to  add 
about  5  molecules  of  water  to  the  amount  of  foul  magnesium  sulphate 
material  to  be  treated.  Into  this  water  should  be  dumped  about  25 
gallons  of  strong  nitric  acid  and  12|  gallons  of  commercial  muriatic 
acid.  One  thousand  to  1,200  pounds  of  the  foul  contact  material 
should  be  tJien  gradually  dumped  into  the  weak  acid  mixture. 
This  must  be  done  carefully,  as  a  great  amount  of  heat  is  gen- 
erated and  the  solution  is  liable  to  foam  and  boil  over,  causing  a 
heavy  loss  in  platinum.  Generally  about  half  of  the  charge  of  foul 
material  is  added  and  stirred  thoroughly  until  the  reaction  has 
subsided,  after  which  the  balance  of  the  material  is  added  in  smaller 
lots,  the  mixture  being  stirred  after  each  addition  until  the  reaction 
has  subsided. 

The  dehydrated  magnesium  sulphate  goes  into  solution  with  diffi- 
culty, but  the  temperature  of  the  solution  rises  very  considerably  and 
by  suitable  and  continous  stirring  all  of  the  magnesium  sulphate 
may  be  dissolved.  The  addition  of  25  to  50  pounds  of  cane  sugar 
to  the  batch  is  advisable,  as  this  sugar  not  only  assists  in  the  sub- 
sequent "  setting  "  of  the  batch  but  also  acts  as  a  reducing  agent  to 
facilitate  reduction  of  platinum  in  the  subsequent  calcining.  After 
the  charge  is  completely  dissolved  it  should  be  allowed  to  stand 
until  the  whole  mass  has  solidified,  which  usually  takes  about  24 
hours.  It  is  then  broken  up,  removed  from  the  box,  and  roasted, 
screened,  and  sized  in  exactly  the  same  manner  as  with  new  material, 
except  that  complete  grinding  of  the  first  roasted  product  is  un- 
necessary. 

A  simple  method  of  testing  contact  material  to  determine  whether 
it  is  active  is  to  hold  a  small  piece  with  a  pair  of  tongs  in  the  flame 
of  an  ordinary  Bunsen  burner  until  it  is  incandescent;  then  pinch 
the  gas  tube  of  the  burner  putting  out  the  flame,  until  no  incandescence 
is  visible  in  the  piece  of  contact  material ;  release  the  tube,  allowing 
the  gas  to  again  come  from  the  burner,  and  if  the  contact  material  is 
active  the  gas  will  ignite.  This  is  a  rough  method,  but  quick,  and 
gives  an  extremely  good  index  as  to  the  activity  of  the  mass. 

PLATINUM  CATALYZER  WITH  ASBESTOS  FIBER  CARRIER. 

The  type  of  contact  material  used  in  the  "  Badische  "  process  is 
platinum  catalyzer  with  asbestos  fiber  carrier.  The  material  consists 
of  carefully  selected  long-fiber  asbestos  treated  in  somewhat  the  same 
manner  as  is  described  later  in  the  discussion  of  the  treatment  of  the 
asbestos  used  to  make  the  mats  in  the  "  Mannheim  "  process.  After 
the  asbestos  fiber  has  been  treated  and  dried  it  is  immersed  in  a  bath 
of  platinic  chloride ;  the  impregnated  asbestos  is  permitted  to  drain, 
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dried,  and  fluffed.  This  asbestos  is  then  placed  upon  grilled  shelves 
in  east-iron  converters,  so  connected  that  the  gas  flow  is  downward, 
in  order  to  keep  the  light,  fluffy  material  in  place  and  prevent  chan- 
neling.    Usually  two  converters  are  used  to  each  unit  in  connection 

A\ith  two  external  tubular  heat  exchangers,  such  as  have  been  previ- 
ously described.  The  first  converter  is  considerably  larger  than  the 
second  converter,  and  most  of  the  conversion  takes  place  in  the  for- 
mer. The  asbestos  in  the  second  converter  usually  carries  a  higher 
platinum  content  than  that  in  the  first  converter,  but  there  is  less 
material  used.  This  contact  material  gives  the  largest  surface  in  pro- 
portion to  the  platinum  used  of  any  of  the  various  catalytic  materi- 
als and  for  that  reason  less  platinum  is  required  per  ton  of  acid 
capacity  than  is  required  in  the  best  type  of  magnesium  sulphate- 
platinum  contact  material.  Very  good  results  are  obtained  on  a  basis 
of  13  to  14  Troy  ounces  of  platinum  per  ton  daily  capacity  of  mono- 
hydrate  sulphuric  acid. 

The  success  of  tliis  form  of  catalytic  material  depends  upon  the 
absolute  cleanliness  of  the  gas  from  mechanical  impurities,  acid  mist, 
etc.  Temporary  "  poisoning  "  by  halogens  may  be  overcome  in  the 
same  manner  as  with  other  materials,  but  retreatment  of  this  material 
when  it  is  badly  fouled  with  arsenic  or  other  similar  "  poisons  "  is 
practically  impossible.  If  this  contingency  arises,  it  is  necessary  to 
replace  with  new  contact  material  and  recover  the  platinum  from  the 
old  material.  The  asbestos  fibers,  being  extremely  fragile,  will  not 
withstand  anything  but  the  most  careful  handling,  and  rapidly  lose 
their  strength  and  stability  when  exposed  to  the  high  heat  inside  of 
the  converters. 

CONVERSION  SYSTEM  OF  THE  "  TENTELEW  "  PROCESS. 

In  the  "  Tentelew  "  process  the  preheating  of  the  incoming  S02 
gases  and  the  maintaining  of  uniform  temperature  within  the  con- 
verter are  largely  accomplished  by  an  entirely  different  method  than 
is  employed  in  any  of  the  other  processes — namely  by  heat  radia- 
tion instead  of  by  heat  transfer.  The  cold  incoming  SO.,  gases  first 
pass  through  a  single  vertical  tubular  heat  exchanger  (fig.  31),  con- 
structed after  the  same  design  as  has  been  previously  mentioned  in 
connection  with  the  u  Badische  "  process,  but  the  increase  in  tempera- 
ture is  much  less  than  in  the  "  Badische  "  or  "  Grillo-Schroeder  M  heat 
transfers.  The  partly  preheated  gases,  after  leaving  the  heat  ex- 
changer, enter  the  top  of  the  converter  (fig.  32).  The  converter  is 
constructed  so  as  to  utilize  heat  by  radiation  and  also  to  take  ad- 
vantage of  the  fact  that  with  gases  moving  at  very  slow  speed  the 
platinum  catalyzer  becomes  active  at  a  much  lower  temperature 
than  is  ordinarily  the  case.    The  top  part  of  the  converter  is,  rela- 
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tively  speaking,  very  large,  hence  the  velocity  of  the  entering  gases  is 
greatly  reduced.  This  part  of  the  converter,  with  very  large 
cross-section,  is  termed  the  "  equalizing  space  " ;  at  the  bottom  of 
this  space  is  a  specially  constructed  cast-iron  grill  or  sieve-plate. 
This  sieve-plate  is  provided  with  a  large  number  of  cast-iron  "  pyra- 
mids "  projecting  upward.  The  principal  portion  of  the  contact 
mass,  which  is  platinized  asbestos,  is  spread  on  this  sieve-plate  but 


Figure  31. — rHeat  exchanger  and  converter,  "  Teirtelew  "  system,    a,  inlet  used  in  starting; 
I),  inlet  to  preheater  ;  c,  outlet. 

does  not  reach  completely  to  the  top  of  the  pyramids.  As  this  upper 
portion  of  the  contact  mass  that  comes  into  contact  with  the  fresh 
gases  has  a  large  surface  exposure  it  radiates  a  considerable  amount 
of  heat  into  the  equalizing  space  above  it.  Eadiation  is  also  greatly 
assisted  by  the  cast-iron  pyramids  conducting  heat  from  their  bases, 
which  are  surrounded  by  active  contact  mass,  to  their  points,  which 
protrude  above  the  mass  and  into  the  gases  entering  it.  By  this 
means  not  only  are  the  gases  entering  the  contact  mass  preheated 
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to  a  temperature  at  which  maximum  oxidation  takes  place,  but  this 
transfer  of  heat  also  serves  to  cool  the  temperature  of  the  gases 
ir  the  /.one  of  reaction  itself,  and  thus  prevents  serious  overheating 
of  the  platinum  catalyzer.  After  passing  through  the  sieve-plate 
the  gases  enter  a  part  of 
the  chamber  which  has  a 
much  smaller  cross  section, 
thifa  part  containing  the 
rot  of  the  contact  material 
and  being  heavily  insulated 
to  prevent  loss  of  heat.  The 
final  oxidation  takes  place 
here  and  the  hot  SOB  gases 
pass  <>ut  at  the  bottom  and 
int(»  the  top  of  the  tubular 
beat  exchanger  previously 
mentioned,  preheating  the 
entering  S02  gases  to  a 
temperature  sufficiently 
high  to  start  the  reaction 
-when  reinforced  by  the  ad- 
ditional heat  radiated  from 
the  sieve-plate.  An  exter- 
nal preheating  furnace  with 
by-pass  connections  is  used 
to  start  the  process,  then 
this  furnace  is  cut  out  and 
the  operation  proceeds  as 
described. 


COMBINED    OXIDE    AND 
PLATINUM  SYSTEM. 

Some  systems,  especially 
the  "  Mannheim,"  econo- 
mize in  the  use  of  platinum 
by  utilizing  hot  ferric  oxide 
to  oxidize  part  of  the  S(X, 
the  oxidation  being  com- 
pleted by  means  of  plati- 


Fti.ritB  32. — Combination   converter  and  beat 
p-x  changer,   "  Tentelew  "  system. 


num.  The  ferric  oxide  is  a  product  of  the  roasting  of  coarse  (2-inch 
to  2J-inch)  pyrite  in  lump  burners.  This  product  is  screened  after 
being  discharged  from  the  lump  burners  and  the  coarse  oxide  is 
used  in  the  oxide  shafts. 
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OXIDE   SHAFTS. 

These  shafts  are  usually  square,  steel,  brick-lined  chambers  meas- 
uring 20  to  25  square  feet  in  cross  section  and  10  to  12  feet  high. 
They  are  filled  with  the  burned,  screened,  iron-oxide  lumps,  2  inches 
or  larger  in  size.  A  certain  amount  of  fresh  oxide  lumps  is  added 
to  the  top  of  the  shaft  each  day  and  a  corresponding  amount  drawn 
from  the  bottom.  The  hot  S02  gas  mixture  from  the  ore  or  sulphur 
burners  enters  the  base  of  the  oxide  shaft  and  passes  up  through  the 
oxide  filling.  About  40  to  50  per  cent  of  the  SO,  is  usually  con- 
verted to  S03  in  these  towers.  The  temperature  of  the  ferric  oxide 
contact  mass  should  not  be  below  600°  C,  otherwise  S03  is  lost,  as 
it  combines  with  ferric  oxide  to  form  ferrous  sulphate.  The  mixed 
S02  and  S03  gases  are  cooled  and  the  SO,  absorbed  in  strong  sul- 
phuric acid ;  the  residual  gas  is  filtered  and  cleaned,  passed  through 
the  heat  transfers  following  the  platinum  shaft  and  above  the  oxide 
shafts,  then  through  a  preheating  furnace,  and,  finally,  through  the 
platinum  shaft. 

PLATINUM  SHAFTS. 

There  is  usually  one  platinum  shaft  to  each  two  oxide  shafts. 
Each  shaft  usually  consists  of  three  ovens  about  4  feet  square  by 
1  foot  deep.  In  each  oven  are  placed  several  platinum  mats  supported 
between  wire  gauze.  The  mats  are  made  of  about  f-inch  asbestos 
rope  woven  with  the  strands  about  one-eighth  inch  apart  in  the 
clear.  From  20  grams  to  25  grams  of  platinum  are  deposited  on 
each  mat.  The  following  is  a  description  of  the  Mannheim  mat 
platinizing  and  mounting  process,  which  is  typical  of  the  usual 
practice : 

METHOD   OF  PLATINIZING  AND   MOUNTING   THE   MATS. 

To  40  liters  of  pure  distilled  water  is  added  1  liter  of  a  solution 
of  sodium  carbonate  (containing  three-eighths  of  a  pound  of 
XaXO,).  The  liquid  is  heated  by  means  of  steam  at  about  20-pound 
pressure  until  it  boils  vigorously ;  then  the  asbestos  mat,  which  has 
been  shaken  to  remove  loose  particles,  is  placed  in  the  bath.  One 
liter  of  sodium-acetate  solution  (containing  1  pound  of  pure 
HCOOXa)  is  added,  and.  after  bringing  the  liquid  again  to  the 
boiling  point.  400  cubic  centimeters  of  10  per  cent  platinic  chloride 
(PtCl4)  solution  (previously  made  alkaline  with  sodium-carbonate 
solution)  is  poured  in  slowly.  The  mat  is  moved  up  and  down 
through  the  solution  three  or  four  times,  and  then  a  cover  is  placed 
on  the  bath  and  the  liquid  allowed  to  boil  for  a  quarter  of  an  hour. 
The  mat  is  then  reversed  and  a  further  200  cubic  centimeters  of 
platinic  chloride  (PtCl4)  solution  added,  after  which  the  solution 
is  kept  at  the  boiling  point  until  the  whole  of  the  platinum  has  been 
deposited  on  the  mat.  This  takes  10  to  20  minutes,  and  is  shown  by 
the  complete  clearing  of  the  liquid. 
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The  mat  La  then  reversed  and  placed  in  another  bath  containing 
50  liters  of  cold  water.  When  10  mats  have  stood  in  this  bath  4 
to  6  hours,  the  water  is  run  oil'  and  replaced  by  60  liters  of  a  10  per 
cent  H,SO,  wash  at  a  temperature  of  35°  to  40°  (\  This  first 
acid  wash  Lasts  about  18  hours,  and  is  followed  by  a  second  10  per 
cent  H.SO,  wash,  lasting  the  same  length  of  time  and  at  the  same 
temperature. 

The  acid  treatment  is  followed  by  two  hot-water  washings,  each 
lasting  10  to  12  hours,  which  remove  the  soluble  sulphates  formed 
during  the  treatment  with  1I,S04. 

The  mats  are  then  placed  on  wooden  racks  in  a  hot-air  oven,  at  a 
temperature  of  about  60°  ('.,  to  drain  and  dry.  After  drying,  they 
are  ready  to  be  mounted  for  baking  in  the  platinum  shaft.  The 
mats  are  mounted  as  follows:  (a)  Heavy  iron  frame  with  handle, 
(A)  iron-wire  grid,  (c)  platinized  mat,  (d)  light  iron  frame,  and  so 
on  until  10  mats  are  in  position. 

The  complete  element  is  now  placed  in  one  of  the  sections  of  the 
platinum  shaft  and  baked  for  5  to  6  hours  at  a  temperature  of 
150°  C.  After  baking,  the  element  is  dismantled  and  the  mats 
placed  carefully  (as  they  are  very  brittle)  in  a  tank  filled  with 
cold  distilled  water,  where  they  are  left  for  about  2  hours,  until  they 
are  quite  pliable.  The  water  is  then  run  off  and  a  10  per  cent  solu- 
tion of  hydrochloric  acid  is  added  and  kept,  by  means  of  steam,  at 
about  50°  C.  for  V2  hours. 

After  this  follow  two  hot-water  washings,  each  lasting  0  hours, 
and  finally  one  cold-water  wash  lasting  the  same  length  of  time. 

The  mats  are  then  drained  on  racks  and  sprinkled  with  cold  dis- 
tilled water  until  the  water  draining  from  the  mats  shows  no  trace 
of  either  chloride  or  sulphate.  The  mats  are  then  drained  and 
dried  and  are  ready  for  use. 

It  is  important  to  test  the  distilled  water  systematically,  as  the 
presence  of  any  impurity  affects  the  deposition  and  adherence  of 
the  black  platinum  on  the  asbestos. 

RE-TREATMENT  OF  MATS  FOR  REMOVAL  OF  ARSENIC. 

After  the  removal  of  an  element  from  the  plant,  samples  are  taken 
from  the  third  and  sixth  mats,  and  the  percentage  of  arsenic  deter- 
mined. The  mats  are  then  given  a  5  per  cent  hydrochloric-acid  wash 
at  C>0°  C.  for  6  hours.  They  are  then  washed  twice  in  hot  water  and 
finally  drained  and  sprayed  with  distilled  water  till  the  water  issuing 
from  the  mats  shows  no  trace  of  sulphate  or  chloride.  The  mats  are 
then  dried  and  samples  again  taken  to  determine  the  arsenic  content 
in  the  re-treated  mat. 
147955°— 20 13 
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The  two-stage  system  of  oxidation  with  ferric  oxide  and  platinum, 
of  the  Mannheim  process,  is  considerably  more  expensive  both  in  instal- 
lation and  operation  than  any  of  the 
"  straight "  platinum  oxidation  sys- 
tems. The  multiplicity  of  heat  trans- 
fer systems,  S03  absorption  systems, 
oxide  and  platinum  converter  units, 
etc.,  add  greatly  to  the  initial  instal- 
lation cost  and  complicate  the  plant 
operations,  repairs  are  a  heavy  ex- 
pense item,  and  the  only  advantage 
is  a  saving  for  platinum  in  the 
original  installation.  An  advantage 
of  the  ferric  oxide  contact  shaft  is 
that  it  removes  the  arsenic  effectively 
and  thus  protects  the  platinum  mass. 

COOLING   THE  S03  GASES. 


The  S03  gases,  after  leaving  the 
converter  or  heat  transfer,  are  passed 
through  a  cooling  system  before  they 
enter  either  the  oleum  towers  or  the 
final  absorbing  tower.  This  cooling 
system  usually  consists  of  simply 
steel  or  cast-iron  pipe,  air  cooled,  of 
sufficient  size  to  carry  the  gases  with- 
out frictional  resistance  and  long 
enough  to  cool  the  gases  bv  radiation 


to  a  temperature  of  50°  C,  or  prefer- 
able lower  (fig.  32). 

If  the  S02  gases,  before  conver- 
sion, have  been  thoroughly  dried 
with  strong  sulphuric  acid,  there 
will  be  no  acid  condensation  in  the 
cooling  system  following  the  con- 
verters, and  steel  piping  may  be  used. 
This  pipe  may  also  be  water  sprayed 
if  desired.  If  the  gases,  however, 
contain  a  considerable  amount  of 
H2S04  after  conversion,  this  acid  will 
precipitate  out  as  the  gas  cools,  and 
cast-iron  pipes  must  be  used  for  the  first  (hot)  portion  of  the  cooling 
installation,  as  hot,  strong  H2S04  attacks  steel.  Steel  heat  transfers 
can  not  be  successfully  used  unless  the  gases  are  thoroughly  dried. 


Figure  33. — Natural-draft  air  cooler 
for  cooling  S03  gases  after  leaving 
the  converter,  or,  S03  gas  inlet ; 
b,  air  inlet ;  c,  six  hundred  boiler 
tubes,  11  inch  by  18  feet;  d,  air 
inlet ;   e,  S03  gas  outlet. 
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Cast-iron  pipe  cracks  badly,  however,  oven  when  cast  without  chap- 
lets,  and,  from  every  consideration,  it  is  advisable  to  dry  thoroughly 
the  SO,  gases  before  conversion. 

FINAL  ABSORPTION  SYSTEM. 

The  final  tower  in  which  the  S03  is  absorbed  in  sulphuric  acid  is 
constructed  exactly  like  the  tower  for  drying  the  S02  gases,  previ- 
ously described.  The  acid  delivered  to  the  distributing  pan  at  the 
top  of  the  tower  should  be  in  such  quantity  relative  to  the  SOa  to  be 
absorbed  that  the  acid  will  be  strengthened  from  97  or  971  per  cent 
entering  strength  to  99  or  99^  per  cent  exit  strength  in  its  passage 
through  the  absorbing  tower  and  at  the  same  time  absorb  all  the 

so3. 

The  acid,  utter  leaving  the  base  of  the  absorbing  tower,  passes 
through  ;i  cast-iron  pipe  to  an  acid  cooler  situated  off  to  one  side 
and  at  a  lower  level.  In  this  pipe,  and  close  to  the  tower,  is  pro- 
vided an  overflow  through  which  all  the  acid  not  returned  from  the 
cooler  to  the  absorbing  tower  passes.  This  acid  is  the  plant  prod- 
uct and  goes  to  storage  or  direct  to  the  oleum  system.  The  strength 
such  acid  is  usually  about  99  or  99-J  per  cent. 

Between  this  overflow  and  the  cooler  is  situated  the  weak  acid  or 
water  inlet  where  the  requisite  proportion  of  water  is  added  to  re- 
duce the  acid  to  about  97J  per  cent  strength.  At  this  point,  also,  the 
acid  returning  from  the  S02  drier  enters. 

The  adding  of  the  weak  acid,  the  drying  of  the  S02  gases  in  the 
drying  tower,  and  the  absorption  of  the  S03  in  the  absorbing  tower 
all  tend  to  raise  the  temperature  of  the  acid,  and  this  temperature 
in ust  be  reduced  by  cooling. 

The  acid-cooling  system  is  of  cast  iron  and  may  be  simply  large 
pipe.-,  water  sprayed,  or,  more  preferably,  a  manifold  cooler  built 
of  sections  of  standard  pipe  and  fittings  in  such  a  manner  that  the 
acid  to  be  cooled  passes  between  an  outer  and  inner  pipe,  the  inner 
pipe  being  water  cooled.  (See  fig.  34.)  Provision  should  be  made 
for  draining  and  cleaning  the  cooler  occasionally,  as  sulphates  tend 
to  accumulate. 

From  the  cooler  the  acid  is  delivered  to  the  pans  of  the  absorbing 
and  drying  towers  by  means  of  a  cast-iron  centrifugal  pump.  This 
pump  should  be  a  closed  runner  pump,  designed  in  such  a  manner 
that  the  stuffing  box  is  on  the  suction  side.  A  vertical  pump  with 
long  shaft,  acid  inlet  around  the  shaft  above  the  runner,  and  long 
pipe  section  between  the  acid  inlet  and  the  stuffing  box  above  works 
very  well.  If  well  designed  and  constructed,  such  a  pump  will  run 
for  a  year  or  more  without  repairs. 
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In  the  manufacture  of  oleum  (fuming  sulphuric  acid)  part  or  all 
of  the  strong  acid  overflowing  from  the  absorbing  tower  is  passed 
down  through  towers  against  an  upcoming  stream  of  S03  gases. 


Figure  34 —Cooler  for  strong  acid,  a,  Acid  inlet  manifold  from  absorber;  b,  acid  outlet 
manifold;  c,  standard  1-inch  pipe;  d,  cooling  water  outlet;  e,  cooling  water  inlet;  f, 
standard  tee,  6  inches  by  6  inches  by  12  inches ;  g,  standard  2-inch  ell ;  h,  standard  G-incn 
cast-iron  pipe;  i,  standard  6-inch  base  tees. 

These  towers  may  be  15  to  30  inches  inside  diameter  and  10  to  25 
feet  high,  depending  on  the  capacity  desired  and  the  strength  of  the 
S03  gases.  Hot  oleum  attacks  steel  and  also  tends  to  crack  cast 
iron.  An  excellent  type  of  construction  comprises  an  outer  steel 
shell  with  cast-iron  base  and  top.     This  steel  shell  is  lined  with  thin 


EQUIPMENT  AND   METHODS   USED   IN    MANUFACTURE. 


189 


cast-iron  liner  rings  or  sections,  the  small  space  between  the  rings 
and  the  outer  steel  wall  being  filled  in  with  a  semifluid  acid-proof 
cement,  such  as  sodium  silicate  and  si  lex. 
which  hardens  under  the  action  of  the 
acid. 

The  towers  are  filled  with  large  quartz 
pebbles  or  special  acid-proof  filling  in 
order  t<>  provide  a  large  absorption  sur- 
face. As  the  absorption  of  SO  by  sul- 
phuric acid  generates  heat,  a  small  acid 
cooler  should  follow  each  oleum  tower  if 
these  towers  are  arranged  in  -cries.  Cast- 
iron  or  steel  tower  shells  lined  with  acid- 
proof  brick  (fig.  35)  are  also  used  suc- 
cessfully, but  have  the  disadvantage  of 
poor  heal  radiation. 

There  are  several  methods  of  arrang- 
ing and  operating  these  tower-. 

Several  towers  may  be  installed  in  par- 
allel, all  supplied  with  S03  gases  from  a 
common  header  and  the  amount  of  gases 
entering  each  tower  from  the  header 
being  controlled  by  a  valve.  The  strong 
acid  from  storage  is  admitted  into  the 
top  of  each  tower;  the  oleum  discharges 
at  the  bottom  of  each  tower  through  a 
hydrometer  boot.  In  this  way  the 
strength  of  the  oleum  produced  in  each 
tower  may  be  closely  governed  by  regu- 
lating the  gas  and  acid  flow.  The  gases 
and  SO;  from  the  oleum  tower  go  directly 
to  tin  !»71  or  98  per  cent  acid  towers  for 
complete  recovery  of  the  S03. 

Another  method  is  to  have  two  or  more 
oleum  tower-  in  -cries  directly  in  the  gas 
line  leading  from  the  converters  cr  heat 
transfers  to  the  absorbing  tower.  In  this 
installation  all  the  SO,  gas  passes 
through  the  oleum  towers  in  series.  The 
strong  sulphuric  acid  passes  down  through 
the  towei1-  in  series,  and  acid  coolers  (fig. 
are  installed  between  each  two  oleum 
towers.     In  this  type  of  installation  the 

ngth    of    the    oleum    is    regulated    solely    by    control    of    the 
amount  of  acid  absorbed  and  the  temperatures,  as  all  the  gas  is 


Figuee  '-',o. — Oleum  tower.  a, 
Tantiron;  b,  o-inch  quartz;  c, 
duro  brick  laid  with  duro 
cement ;  d,  4-inch  quartz. 
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passing  through  the  towers  at  all  times.  If  the  oleum  produced  is 
too  strong,  it  is  weakened  by  admitting  weaker  acid  after  the  last 
absorption  of  S03  has  taken  place. 

APPROXIMATE  INSTALLA- 
TION AND  MANUFAC- 
TURING  COSTS. 

COSTS   OF  INSTALLATION. 

The  costs  of  installing  the 
Grillo-Schroeder,  Badische, 
or  Tentelew  systems  in  a 
fairly  large-sized  plant 
(daily  capacity  60  tons  or 
more)  do  not  differ  widely. 
On  a  prewar  basis,  with 
costs  of  material  and  labor 
as  in  about  the  years  1910- 
1911,  the  cost  would  be  ap- 
proximately $6,000  per  ton 
of  H2SO/  (100  per  cent 
basis)  daily  capacity  if 
pyrite  burners  and  complete 
ore-handling  equipment  be 
included. 

The  substitution  of  sul- 
phur for  pyrite  would  de- 
crease the  installation  cost 
$1,000  to  $1,500  per  ton  of 
daily  capacity. 

The  cost  of  materials  and 
labor  existing  in  this  coun- 
try during  the  war  and  at 
the  present  time  are  so 
much  higher  than  in  pre- 
war times  and  vary  so 
widely  that  a  general  esti- 
mate of  present  costs  of  in- 
stallation is  liable  to  be  mis- 
leading. 

The  following  estimates 
per  ton  of  daily-capacity 
installation  cost  cover  a 
large  plant  construction  in 
the  United  States  during  the  year  1918  and  utilizing  brimstone  as 
the  sole  source  of  S02  gases.  This  plant  used  a  modification  of  the 
Grillo-Schroeder  system. 


Figure  36. — Cooler  for  acid  from  oleum  towers, 
a,  Cooling  water  inlet,  1-inch  standard  pipe ; 
6,  cooling  water  outlet ;  c,  acid  inlet ;  d,  acid 
outlet. 
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Estimated  cost  of  installing  a  large  acid  plant  in  1918. 

,~  ,  Per  ton, 

General  :  daily  capacity. 

Excavation $40 

Miscellaneous 80 

Total 120 

Bui  Minus : 

<  Joncrete 286 

Structural   steel 352 

Lumber 240 

Tile 48 

Roofing   (all  classes) 108 

Total 1,  154 

Equipment : 

Material 3,  314 

Labor 1,  TOO 

T.-ial 6,168 

Platinum 1,  r>C,i» 

Total 7,728 

Overhead,  supervision,  and  indirect  expense 600 

Grand  total 8,  328 

The  estimates  for  this  plant,  however,  also  included  several  deni- 
trating  and  heat  concentrating  towers,  very  large  acid  storage  tanks, 
and  all  accessories.    No  heat  transfers  were  used. 

For  a  Grillo-Schroeder  unit  of  approximately  20  tons  daily  ca- 
pacity, including  dust  line,  cooling  and  scrubbing  system,  box  type 
filters,  preheating  furnace,  contact  tubes,  gas  cooling  and  absorbing 
system,  oleum  system  and  acid  storage,  but  not  including  roasting  or 
ore  handling  installation  or  buildings,  the  approximate  amount  of 
materials  required  is  as  follows : 

Materials  required  (or  n  Grillo-Schroeder  unit  <>i  10-ton  capacity. 

Brick 26,  000 

Concrete,  cubic  yards 22o 

Lead,  pounds S2,  000 

Cast  iron,  pounds 21.1,  (ton 

Steel,  pounds       4.".,  000 

Lumber,   hoard    feel    45.000 

As  the  size  of  plant  increases  up  to  about  60  tons  daily  capacity,  the 

ratio  of  construction  materials  used  to  tonnage  capacity  decreases 
materially.  The  amount  of  buildings  necessary  depend  largely  upon 
the  climatic  conditions  at  the  plant  locality. 

The  cost  of  a  Mannheim-type  plant,  with  its  double  oxidation  and 
absorption  system,  is  much  higher  than  that  of  any  of  the  other  three 
types  of  plants  mentioned. 
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MANUFACTURING  COSTS. 

The  factory  cost  of  producing  sulphuric  acid  in  this  country  prior 
to  the  Mar  in  large  and  well  designed  plants  of  the  Grillo-Schroe- 
der,  Badische,  or  Tentelew  systems,  including  plant  overhead 
charges,  cost  of  ore  roasting  and  all  charges  for  operation  and  re- 
pairs, labor,  and  materials,  but  not  including  plant  amortization  or 
cost  of  sulphur,  varied  between  $2.50  and  $1  per  ton  of  acid  (100 
per  cent  H2S04  basis).  This  range  in  costs  arises  from  variations 
in  the  gases  used  as  to  SO,  strength  and  dust  and  fume  content ;  from 
the  complete  or  partial  use  of  heat  transfers  for  gas  preheating,  or 
the  absence  of  such  equipment,  necessitating  preheating  by  fuel ;  and 
lastly,  but  not  least,  from  intelligence  in  the  design  and  operation  of 
the  plant. 

The  following  estimates  of  actual  cost  of  operation  apply  to  a  plant 
constructed  during  1918. 

Estimated  cost  of  operation,  per  ton  of  avid. 

Coal  consumption,  tons 0.  33 

Water   consumption,   gallons : 6,900 

Power    consumption,    horsepower-hours 120 

Compressed  air,  cubic  feeti 2,000 

The  number  of  men  required  to  operate  a  contact  plant  is  compara- 
tively small.  For  a  plant  ranging  up  to  60  tons  in  daily  capacity 
one  operator  per  shift  with  an  assistant,  who  also  attends  to  the 
preheating  fires,  is  required;  also  there  should  be  one  man  on  the 
day  shift  for  changing  filters,  cleaning  dust  flues,  etc.,  and  one  man 
loading  and  unloading  acid,  etc.  This,  of  course,  does  not  include 
the  men  required  for  handling  ore  and  running  the  roaster.  Repairs 
are  light  in  a  well-designed  and  well-operated  plant. 

COMPARISON  OF  COSTS  OF  MANUFACTURING  ACID  IN  CHAMBER 
AND  IN  CONTACT  PLANTS. 

For  high-strength  acid,  such  as  is  employed  in  the  manufacture  of 
dyes,  explosives,  and  other  special  chemical  industries,  the  contact 
process  is  by  far  the  cheapest  and  most  efficient. 

For  commercial  oil  of  vitriol  (66°  B.  acid),  such  as  is  usually 
shipped  for  various  manufacturing  processes,  petroleum  refining, 
and  other  uses,  the  contact  process  (excepting  the  "  Mannheim  "  proc- 
ess) should  produce  the  cheaper  acid. 

For  low-strength  acid,  such  as  is  usually  emploj'ed  in  the  manu- 
facture of  fertilizers,  the  acid  itself,  based  on  the  cost  of  producing 
the  S03,  can  be  made  more  cheaply  by  the  contact  than  by  the  cham- 
ber process,  but  there  are  other  factors  to  be  considered,  chief  among 
them  being  the  storage  facilities  and  the  necessity  of  diluting  the 
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acid  before  using  it.  Furthermore,  tin-  chamber  process  as  practiced 
at  most  fertilizer  plants,  doc-  not  require  as  highly  trained  and  ex- 
perienced  a  staff  a-  does  a  contact  plant.  With  an  equally  capable 
and  trained  staff  the  costs  at  some  plants  would  probably  show  in 
favor  of  the  contact  process,  but  for  the  production  of  low-strength 
acid  for  ordinary  purposes  from  pyrite  or  other  ores  which  may  con- 
tain impurities,  the  chamber  process  is  the  cheaper. 

LEACHING  AND  SINTERING  CALCINED  ORE  OR  PYRITE  CINDER. 

In  the  discussion  relating  to  the  raw  materials  used  for  the  manu- 
facture of  acid,  mention  is  made  of  the  fact  that  a  large  proportion 
of  the  Spanish  pyrite  ore,  and  also  much  of  the  domestic  ore  from 
the  Southern  States,  carries  copper  in  proportions  that  make  its 
recovery  worth  while.  Also,  in  order  to  prepare  roasted  or  calcined 
ore,  containing  copper  for  the  iron  blast  furnace,  it  is  necessary  to 
leach  out  the  copper  before  sintering. 

The  method  utilized  to  a  large  extent  in  the  United  States  for  the 
recovery  of  copper  from  calcined  ore  of  low  copper  content  (0.5  to  2$ 
per  cent  Cu)  is  commonly  known  as  the  Henderson  salt  leaching 
process.  This  process  is  ordinarily  conducted  in  several  distinct 
steps,  and,  while  individual  methods  of  carrying  out  these  steps  may 
vary,  the  steps  themselves  are  practically  the  same  in  all  practices. 
These  may  be  characterized  as  follows:  (1)  Preparation  of  the 
charge,  (2)  roasting  with  sodium  chloride,  (3)  leaching  the  calcine, 
(4)  precipitation  of  the  copper,  and  (5)  disposal  or  treatment  of  the 
leached  calcine. 

PREPARATION  OF  THE  CHARGE. 

The  charge  usually  consists  of  cold  pyrite  calcine,  usually  contain- 
ing anywhere  from  2  to  5  per  cent  sulphur;  rock  salt;  and  raw 
crushed  pyrite.     In  some  plants,  however,  no  raw  pyrite  is  used. 

The  method  of  preparing  this  charge  varies  considerably  with 
different  practices.  In  some  plants  the  calcine  and  the  rock  salt  are 
ground  together  in  special  grinders,  such  as  Phillip  MacLaren  mills 
equipped  with  cast-iron  slotted  grates  or  screens;  the  ground  product 
is  of  such  fineness  that  more  than  90  per  cent  of  it  will  pass  through 
a  10-mesh  screen.  It  is  inadvisable  to  grind  too  finely,  as  a  certain 
proportion  of  coarse  material  should  be  present  in  order  to  facilitate 
free  percolation  of  the  leaching  water  in  the  subsequent  treatment. 

Other  plants  do  not  grind  the  material  so  finely.  Some  of  the  best 
plants  in  this  country  grind  so  that  all  of  the  material  passes  a 
§-inch  square  mesh  and  only  about  80  per  cent  of  it  passes  through  a 
10-mesh  screen.  Also,  the  practice  of  grinding  the  salt  together 
with  the  balance  of  the  charge  is  not  followed  at  all  plants,  and 
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apparently  is  not  necessary,  us  complete  mixing  is  obtained  on  tne 
roaster  hearths  later  on. 

The  proportions  of  the  various  materials  in  the  charge  used  also 
varies  greatly  according  to  individual  practice.  Some  plants  do  not 
use  any  raw  pyrite  whatever,  but  a  close  study  of  the  results  obtained 
by  various  plants  would  seem  to  show  that  this  practice  is  not  con- 
ducive to  the  best  results.  If  no  pyrite  is  used  a  much  higher  tem- 
perature in  the  roaster  is  required,  necessitating  the  use  of  a  large 
amount  of  fuel  and  also  frequently  resulting,  on  account  of  the  high 
temperature,  in  the  formation  of  insoluble  cuprous  chloride.  Judg- 
ing from  results,  the  best  practice  would  seem  to  indicate  the  use  of 
about  2^  per  cent  of  sulphur  for  each  1  per  cent  of  copper  present 
in  the  charge. 

The  calcine,  raw  pyrite,  and  rock  salt  are  stored  in  separate  bins, 
and  are  discharged  from  the  bottom  of  these  bins  in  carefully  regu- 
lated proportions  onto  separate  belt  conveyors.  These  conveyors 
discharge  onto  a  main  belt,  which  therefore  carries  the  finished 
charge  in  its  correct  proportions.  As  previously  stated,  in  some 
plants  this  whole  mixture  is  ground  and  screened.  In  other  plants 
the  grinding  of  the  materials  is  done  separately  and  the  ground  ma- 
terials run  to  the  bins  that  feed  the  individual  conveyors.  The 
complete  mixed  charge  is  carried  by  the  main  conveyor  either  direct 
to  the  feed  hoppers  above  the  salt  roasters  or  else  to  a  large  storage 
hopper  which  supplies  the  feed  hoppers. 

ROASTING   WITH  SODIUM   CHLORIDE. 

There  is  considerable  difference  in  opinion  as  to  what  reactions 
take  place  in  the  Henderson  process.  Some  authorities  maintain 
that  there  is  a  direct  reaction  between  the  sodium  chloride  and  the 
copper  salts  present  in  the  calcine,  by  which  the  copper  salts  are 
converted  into  soluble  cupric  chloride.  However,  the  fact  that  a 
definite  amount  of  sulphur  apparently  must  be  present  for  complete 
reaction  would  seem  to  indicate  that  nascent  hydrochloric  acid  is 
formed  by  the  reaction  of  sulphur  dioxide  upon  the  sodium  chloride, 
and  that  this  acid  then  reacts  with  the  copper  salts,  forming  soluble 
cupric  chloride.  Whatever  the  intermediate  reactions  may  be.  plant 
results  indicate  that  a  large  proportion  of  sulphur  is  needed. 

MUFFLE  ROASTERS. 

In  this  country  the  salt  roasting  is  accomplished  in  several  differ- 
ent forms  of  multiple-hearth  roasters.  Some  plants  use  muffle  roast- 
ers, such  as  the  Wedge  type.  Muffle  roasters  are  usually  equipped 
with  two  coal  furnaces,  one  on  each  side  of  the  roaster.  The  hot 
furnace  gases  discharge  into  a  vertical  chamber  extending  the  full 
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ln';"ht  of  (lif  roaster.  The  muffles  are  each  divided  into  two  sections; 
the  hot  gasea  From  the  vertical  chamber  enter  all  the  muffles  in  par- 
allel, by  means  of  a  separate  inlet  to  each  muffle.  These  inlets  are 
provided  with  dampers  for  draft  regulation.  The  gases  discharge 
on  the  opposite  side  of  a  roaster  into  a  stack,  also  connected  with  all 
the  muffles  in  parallel. 

Tin'  installation  described  refers  only  to  half  of  each  floor,  as  there 
arc  two  muffles  on  each  floor  and  similar  heating  equipment  is  in- 
stalled on  the  other  side  of  the  furnace  and  heats  the  other  half  of 
the  muffled  floors  in  the  same  manner. 

In  order  to  obtain  a  greater  heat  efficiency,  frequently  a  consider- 
able number  of  bricks  are  removed  from  the  lower  floor  of  the  muffles, 
thus  allowing  direct  radiation  of  heat  through  the  holes  down  onto 
the  charge  on  the  floor  below.  With  a  muffle  roaster  about  19  feet  in 
inside  diameter,  having  live  hearths  and  a  top  drier  hearth,  and  util- 
izing the  upper  four  hearths  as  heating  hearths  and  the  bottom 
hearth  as  a  cooling  hearth,  the  capacity  obtained  is  generally  about 
7.".  to  80  tons  of  dry  calcine  per  day,  provided  the  calcine  does  not 
contain  more  than  '2  per  cent  copper.  If  the  copper  content  of  the 
calcine  reaches  3  per  cent,  however,  the  capacity  is  reduced  to  about 
50  ton-  daily,  as  a  much  longer  roasting  period  is  necessary  to  convert 
all  the  copper  into  soluble  form. 

When  these  roasters  are  operated  in  this  way  and  no  raw  pyrite 
is  used  in  the  charge  the  temperature  on  the  roaster  hearth  ranges 
from  750°  to  1,100°  F.,  and  is  preferably  maintained  around  1,000° 
to  1,050°  F.  If  the  ore  temperature  rises  above  1,100°  F.,  so-called 
ferrites  are  formed  which  are  insoluble  in  water. 

With  such  roasters  operating  on  a  charge  consisting  of  about  85 
per  cent  of  calcine  and  15  per  cent  of  commercial  rock  salt  by  weight, 
and  with  no  raw  pyrite  added,  the  fuel  consumption,  when  coal  is 
used,  is  about  10  per  cent  of  the  weight  of  the  total  charge  put 
through  the  furnace. 

SINGLE-HEARTH    ROASTER. 

Another  type  of  roaster  utilizing  the  same  charge  and  the  same 
temperatures  is  a  large  single-hearth  roaster  equipped  with  four 
water-cooled  rabble  arms  and  heated  by  direct  firing  with  fuel  oil. 
This  type  of  roaster  consumes  15  to  18  gallon-  of  fuel  oil  per  ton  of 
calcine  roasted,  and  considerable  difficulty  is  encountered  from  local 
overheating. 

The  hot  calcine  discharged  from  the  roasters  is  allowed  to  stand  in 
cans  for  a  period  of  time  limited  by  the  number  of  cans  available. 
It  has  been  found  that  permitting  the  hot  calcine  to  stand  in  closed 
cans  causes  the  chloridizing  to  continue;  therefore,  if  possible,  this 
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material  is  allowed  to  stand  for  five  hours  or  more  before  being 
dumped  into  the  leaching  vats. 

The  gases  from  this  chloridizing  roast  are  a  mixture  of  combus- 
tion gases,  hydrochloric  acid  gas.  sulphur  dioxide  gas,  and  sulphur 
trioxide.  These  hot  gases  ascend  through  brick  absorption  towers 
countercurrent  to  a  stream  of  water  flowing  down  over  the  grill 
filling.  The  water  is  heated  practically  to  boiling  point,  and  the 
acid  constituents  of  the  gases  are  largely  dissolved  in  the  water, 
with  the  result  that  a  hot  solution  of  very  weak  acid  is  produced. 
This  solution  is  run  to  storage  and  immediately  used  for  leaching 
copper  out  of  the  roasted  calcines;  it  has  an  acidity  of  about  0.3 
per  cent  figured  as  HC1. 

RAMEN-BESKOW    MrETIPLE-HEARTH    ROASTER. 

Another  method  of  chloridizing  used  at  one  plant  in  this  country 
differs  radically  in  the  roasting  equipment,  roaster  charge,  and  the 
way  in  which  the  heat  is  applied  from  the  one  just  described.  This 
method  utilizes  a  chloridizing  roaster  known  as  the  "  Ramen-Beskow" 
roaster,  which  is  about  18  feet  inside  diameter  and  has  five  hearths. 
The  top  hearth  is  provided  with  four  arms  and  the  other  four  hearths 
are  each  provided  with  two  arms.  The  roaster  has  no  steel  shell, 
but  is  a  thick  brick  setting  about  20  feet  square  on  the  outside  and 
circular  on  the  inside,  strongly  reinforced  with  buck  staves.  The 
lower  hearth  is  provided  with  four  flues  built  into  the  four  corners 
of  the  rectangular  brick  setting.  The  top  hearth  of  the  roaster 
is  direct  fired  with  producer  gas  from  a  coal-gas  producer,  and  the 
products  of  combustion  go  to  a  stack;  the  heated  ore  passes  through 
a  lute  into  the  second  hearth,  the  gases  discharging  through  the 
flues  mentioned. 

The  average  charge  fed  to  this  roaster  is  as  follows:  Dried  cal- 
cine, 83  per  cent:  salt.  10  per  cent:  and  pyrite.  7  per  cent.  The 
proportion  of  pyrite  is  varied  somewhat  from  time  to  time,  but  the 
aim  is  to  have  at  all  times  2-|  times  the  sulphur  in  the  mix  that  there 
is  copper  in  the  calcine.  The  copper  content  of  the  calcine  varies 
considerably,  but  usually  averages  about  2|  per  cent. 

The  charge  is  heated  on  the  top  hearth  to  about  1.000°  F.,  so  that 
when  it  discharges  into  the  second  hearth  the  oxidation  of  the  pyrite 
content  has  started  and  chloridizing  begun.  Air  for  oxidation  comes 
in  through  the  bottom  hearth,  countercurrent  to  the  descending 
charge,  and  ascends  over  the  four  lower  hearths.  The  gases  resulting 
from  the  oxidation — S02,  HC1.  and  some  SO. — pass  out  of  the  sec- 
ond hearth  into  the  flue  in  each  of  the  four  corners  and  are  drawn 
downward  through  these  flues  by  means  of  a  fan  and  pass  through 
three  absorbing  towers  in  series. 
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The  first  absorbing  tower  is  s  feet  in  inside  diameter  by  35  feet 
high.  It  i-  rilled  with  tile  with  a  little  slug  on  top.  Water  flows 
down  this  tower  eountereurrent  to  the  hot  ascending  gases  and 
absorbs  pari  of  their  acid  content,  discharging  from  the  base  of  this 
tower  as  a  weak  aeid  with  an  acidity  of  2  to  3£  per  cent  figured 
a-  TTC1.  The  gases  then  pass  through  the  other  two  towers  in  series, 
but  these  towers  are  really  scrubbing  tower-  and  the  water  from 
them  is  run  to  waste.  The  Last  of  these  two  towers  is  packed  with 
coarse  limestone,  which  neutralizes  any  final  acidity  in  the  gases. 

The  average  charge  run  through  this  roaster  amounts  to  about  45 
tons,  dry  weight,  of  calcine  per  24  hours.  About  3,000  pounds  of 
coal  per  24  hour-  i<  used  in  the  form  of  producer  gas  to  preheat  the 
charge  on  the  top  floor  of  the  roaster. 

A  concrete  hopper  bin  is  installed  under  the  roaster  into  which 
the  roasted  calcine  is  discharged  and  in  which  it  is  permitted  to 
accumulate  for  about  10  hours,  when  it  is  drawn  off  into  cars  and 
taken  up  an  incline  to  a  trestle,  from  which  it  is  distributed  to  the 
various  leaching  tanks. 

HERRESHOF  MULTIPLE-HEARTH  ROASTER. 

A  third  method  of  chloridizing.  which  is  used  somewhat  ex- 
tensively in  this  country,  is  probably  the  most  economical  and 
efficient  of  any  of  the  methods  in  current  use. 

The  average  charge  run  to  the  roaster  is  as  follows:  Salt.  7  per 
cent :  raw  pyrite,  3  per  cent;  and  calcine,  90  per  cent. 

The  roasting  equipment  consists  of  Herreshof  roasters,  each 
roaster  being  22  feet  in  outside  diameter  and  having  seven  hearths. 
Tho-e  roasters  are  lined  with  1  inches  of  common  brick  and  9  inches 
of  fire  brick.  The  capacity  of  each  roaster  is  about  50  long  tons  of 
total  charge  per  day.  Xo  fuel  is  required  and  no  preheating  of  the 
charge.  The  temperatures  of  the  charge  descending  through  the 
roaster  are  about  as  follows:  Temperature  on  the  second  floor,  300° 
F. :  on  the  fourth  floor,  750°  F. :  and  on  the  sixth  floor,  550°  F. 

The  material  tends  to  rake  solidly  on  the  hearths,  and  the  cakes  must 
be  barred  out  occasionally  to  prevent  wearing  off  or  breaking  of  the 
rabble  teeth,  but  otherwise  the  roaster  works  well.  The  roasters  are 
arranged  in  banks  of  three  and  are  housed  in  a  steel  frame  building 
with  steel  floors,  in  which  ample  room  is  allowed  for  barring  out  the 
roasters  and  taking  care  of  operation  and  repairs. 

The  roasted  material  is  discharged  from  the  roasters  into  small, 
1-ton  hoppers,  from  which  it  is  run  into  cars  operated  by  a  cable  sys- 
tem, this  system  being  in  use  throughout  the  plant.  By  means  of  this 
system  the  cars  are  run  up  on  elevated  tracks  and  dumped  into  the 
leachintr  tanks  below. 
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COMPARISON  OF  THE  DIFFERENT  ROASTERS. 

In  reviewing  the  three  principal  methods  of  salt  roasting,  as  de- 
scribed above,  it  will  be  noticed  that  they  vary  considerably,  espe- 
cially as  regards  the  amount  of  salt  used,  the  amount  of  pyrite  used, 
and  the  fuel  consumption.  From  practical  plant  results,  it  may  be 
stated  that  by  far  the  best  results  are  obtained  where  the  fuel  con- 
sumption is  either  at  a  minimum  or  none  is  used  and  where  the  tem- 
perature on  the  roasting  hearths  is  never  permitted  to  exceed  750°  to 
800°  F.  There  is  a  slightly  added  expense  due  to  the  increased  amount 
of  raw  pyrite  used,  but  this  is  far  more  than  off>et  by  the  saving  in 
fuel  and  in  salt.  The  installation  cost  is  somewhat  greater,  owing  to 
the  smaller  capacity  of  the  roasters. 

LEACHING. 

The  hot  product  from  the  chloridizing  roasters,  after  standing  for 
a  certain  time,  as  previously  mentioned,  is  leached  with  water  that 
generally  contains  a  small  proportion  of  acid.  Leaching  is  done  in 
large  vats  or  tanks,  of  which  several  different  types  are  in  use  at 
various  plants;    also  several  different  modifications  are  used. 

A   TYPE   OF   TEACHING   PLANT. 

*  )ne  type  of  installation  used  rather  extensively,  and  the  details 
of  its  operation  are  as  follows: 


Two  types  of  leaching  vats  are  used.  The  first  and  most  satisfac- 
tory type  consists  of  a  double-walled,  yellow-pine  box  about  11  feet 
square  by  .">  feet  deep,  inside  dimensions.  The  outer  box  is  built  of 
3-inch  plain  stock,  and  the  inner  box  is  of  3-inch  stock  with  tongue 
and  groove.  The  two  boxes  are  doweled  together  with  a  space  of 
about  3  inches  between,  which  is  filled  with  concrete,  mixed  in  the 
proportion  of  1  part  of  cement  to  about  -1  of  sand.  The  inner 
wooden  box  has  no  wood  bottom :  its  -ides  extend  to  within  4  inches 
of  the  bottom  of  the  outer  box.  The  bottom  is  then  covered  with  7 
inches  of  concrete,  so  the  wooden  sides  of  the  inner  box  extend  about 
3  inches  down  into  the  concrete.  Two  tiers  of  brick  grillwork  are  laid 
on  top  of  the  concrete.  The  first  tier  is  of  bricks,  set  on  end  and  spaced 
to  carry  a  second  layer  of  brick  laid  flatwise.  Cracks  are  left  be- 
tween the  bricks  in  the  second  layer,  and  these  cracks  are  filled  with 
"salt  hay"  (dried  salt-marsh  grass),  and  a  thin  layer  of  the  hay  is 
strewed  over  the  bricks.  On  top  of  this  hay  another  layer  of  bricks 
is  laid  flatwise  with  cracks  between,  and  salt  hay  is  placed  in  the  cracks 
and  a  little  hay  on  top.    A  little  cold,  wet  calcine  is  thrown  on  top  of 
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the  top  layer  of  hay  in  order  to  prevent  the  hoi  calcine  from  burning 
it:  about  8  tons  of  hot  calcine  is  then  dumped  into  each  leaching 
box  ami  leveled  off  roughly. 

The  best  outlets  for  the  copper  liquor  are  large  wooden  blocks  of 
yellow  pine  set  into  the  side  of  the  leaching  boxes  at  the  bottom. 
These  blocks  project  through  both  the  outer  and  inner  boxes  and  are 
cemented  into  place  by  the  concrete  filling  between  the  boxes.  A  hole 
i.--  bored  through  this  block  and  a  taper  wooden  plug  is  used.  This 
type  of  outlet  is  simple  and  lasts  for  years. 

Another  type  of  leaching  vat  is  constructed  of  reinforced  concrete 
and  is  about  16  feet  square.  The  vat  is  fitted  with  the  same  type  of 
grillwork  as  the  wooden  leaching  boxes.    This  type,  however,  is  not 

satisfactory  as  the  far  cheaper  wooden  vat,  for  two  reasons: 

1.  The  concrete  vats,  although  much  more  expensive  to  construct, 
are  acted  upon  by  the  weak  leaching  acid  and  deteriorate  rapidly. 
The  steel  reinforcing  rods  are  also  attacked  and  the  whole  installa- 
tion, as  regards  economy  of  operation,  has  proved  a  disappointment. 

l'  For  some  reason  not  definitely  known,  the  leaching  capacity  of 
the  vats  does  not  increase  in  the  same  ratio  as  the  increase  in  size. 

COPPER  LEACHING  PROCEDURE. 

The  charge  of  hot  calcine  is  first  leached  with  the  second  leaching 
water  from  a  previous  charge;  this  water,  of  course,  already  con- 
tains some  copper.  The  water  for  the  first  leaching  is  not  very 
warm,  but  is  soon  heated  by  the  hot  calcine. 

The  first  leaching  is  permitted  to  stand  for  about  five  hours,  when 
a  large  part  of  the  copper  in  the  ore  is  in  solution.  The  plug  is 
then  withdrawn  from  the  discharge  hole  of  the  vat,  the  leaching 
water — now  at  its  highest  strength  in  copper — is  filtered  off  and  is  run 
through  a  series  of  settling  tanks  in  order  to  settle  out  lead  salts, 
etc.,  after  which  the  liquor  is  run  through  the  copper  precipitating 
boxes.  The  strong  liquor  emerging  from  the  leaching  vats  will 
average  in  gravity  6°  to  14°  B.,  and  will  contain  0.8  to  1  per  cent 
of  copper. 

After  the  first  leaching  water  has  drained  down  to  the  level  of 
the  top  of  the  calcine  in  the  leaching  vat,  hot  acidulated  water  from 
the  roaster-gas  absorbing  towers  is  run  into  the  vat  at  a  rate  suf- 
ficient to  keep  its  level  just  above  the  calcine  level,  while  the  strong 
copper  liquor  is  being  discharged  from  the  bottom  of  the  leaching 
vat. 

Tests  are  now  made  from  time  to  time  b\  sticking  a  bright  steel 
"  knife  "  down  into  the  leached  ore.  If  any  soluble  copper  remains, 
the  bright  steel  will  immediately  be  covered  with  a  coating  of  copper. 
Leaching  with  fresh  hot  acidulated  water  is  continued  until  the 
"  knife  "'  test  shows  no  soluble  copper  remaining. 
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When  the  leaching  liquor  being  discharged  from  the  bottom  of 
the  vat  readies  a  fairly  low  concentration  in  copper  it  is  turned  to 
storage  and  used  for  the  first  leaching  of  subsequent  batches  of 
fresh  calcine. 

SETTLING  OF  SOLUTIONS. 

The  strong  liquor  from  the  first  leaching  of  the  ore  is  run  through 
an  extensive  system  of  wooden  settling  tanks,  where  lead  salts  and 
other  impurities  are  precipitated  as  sludge.  These  settling  systems 
are  in  duplicate  and  one  system  is  drained  and  the  sludge  cleaned 
out  while  the  alternate  system  is  being  used. 

ANOTHER  TYPE  OF  LEACHIXG  EQUIPMENT. 

Another  type  of  copper-leaching  equipment  and  its  method  of 
operation  may  be  described  as  follow- : 

The  leaching  tanks  used  are  circular  wooden  tanks  20  to  25  feet 
in  diameter  by  -JrJ-  feet  deep.  These  tanks  are  very  heavily  banded, 
the  bands  being  kept  away  from  the  wood  sides  of  the  tanks  them- 
selves by  means  of  1-inch  wooden  blocks.  The  tanks  are  lined  with 
a  -i^-ineh  lining  of  "  duro  "  brick,  set  in  "  duro  ?'  cement.  The  bot- 
tom of  the  tank  is  covered  with  a  layer  of  what  might  be  termed 
an  asphalt  mixture  with  a  cement  layer  on  top,  the  whole  resembling 
bituminous  pavement.  The  object  of  using  the  brick  lining  is  to  pre- 
vent burning  of  the  wooden  walls  b}^  the  hot  calcine.  The  bitumen 
bottom  seems  to  protect  the  wooden  staves  below  and  to  fill  any 
shrinkage  cracks  caused  by  the  heat  of  the  charge  above. 

The  liquor  outlet  of  these  tanks  consists  of  a  capped  wood  block 
built  into  the  side-  of  the  tank  close  to  the  bottom.  Xo  grill 
work  of  brick  or  tile  is  placed  in  these  tanks,  but  they  are  filled  to 
a  depth  of  about  six  inches  with  chunks  of  coarse  slag.  On  top 
of  this  is  put  about  four  inches  of  slough  grass  or  excelsior,  and  about 
six  inches  of  calcine  is  left  on  top  of  this  grass  or  excelsior  at  ail 
times.  This  type  of  filter  bottom  has  proved  very  satisfactory;  the 
liquor  drawn  off  through  it  is  extremely  clear  and  such  a  bottom 
lasts  a  long  time  without  replacement.  In  this  connection,  however, 
attention  is  called  to  the  fact — which  is  brought  out  later — that  an 
extremely  large  amount  of  wash  water  is  required  in  order  to  free 
the  calcines  from  the  copper  liquors.  As  this  is  not  the  case  in 
other  plants  where  the  leaching  tanks  are  smaller  and  where  the 
more  porous  and  uniform  filter  bottom  is  installed,  it  is  extremely 
likely  that  uniform  percolation  is  not  attained,  hence  a  much  larger 
amount  of  wash  water,  or  displacement  water,  is  required. 

The  capacity  of  the  20-foot  diameter  tanks  is  about  45  tons  of 
calcine,  and  of  the  25-foot  tanks,  about  60  tons.  This  charge  makes 
a  bed  with  a  total  thickness  of  approximately  3-1  feet.     The  total 
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time  of  leaching  for  each  tank  is  24  to  18  hours.  The  first  leaching 
is  with  final  wash  liquor  from  previous  batches  of  ore:  The  liquor 
i  cold  1  > 1 1 1  is  rapidly  heated  by  the  hoi  calcine  to  nearly  boiling 
temperature. 

The  liquor  from  the  first  Leaching  usually  averages  3  to  3£  per 
cent  copper,  but  so  much  water  is  required  to  remove  all  the 
soluble  copper  that  the  average  copper  content  of  the  liquors  sent 
to  the  precipitating  tanks  is  not  more  than  1\  per  cent.  The  amount 
of  wash  water  varies  greatly.  It  is  probable  that  complete  recovery 
of  the  soluble  copper  with  the  use  of  far  less  wash  liquors  could  be 
accomplished  by  paying  specific  attention  to  three  points: 

1.  The  depth  of  ore  bed  is  too  great  for  maintaining  uniform  con- 
sistence throughout,  and  as  a  result  the  displacement  of  the  heavy 
copper  liquors  downward  by  the  lighter  wash  liquors  will  not  bo 
uniform,  but  will  be  governed  largely  by  the  density  of  the  charge 
at  individual  places  in  the  tank.  Almost  identical  conditions  are 
met  with  in  the  displacement  of  the  acid  from  guncotton  after 
nitration:  in  the  Thompson  displacement  system,  it  has  been  defi- 
nitely proven  that  such  displacement  with  a  sharp  break  between 
the  heavier  liquors  below  and  the  light  liquors  above  can  not  be 
maintained  beyond  a  certain  well-defined  depth  of  charge.  The 
same  thing  has  also  been  definitely  proven  in  the  displacement  of 
cyanide  liquors  in  current  Western  practice. 

■2.  The  size  of  the  tank  undoubtedly  also  governs  the  uniformity 
of  displacement  over  any  given  cross  section.  This  also  has  been 
demonstrated  in  acid  displacement  from  guncotton,  and  has  like- 
wise been  observed  in  other  plants  utilizing  the  Henderson  process 
for  copper  leaching.  Operators  of  these  plants  have  discovered  that 
with  a  smaller  tank  they  can  accomplish  complete  displacement  of 
the  copper  liquors  with  the  use  of  far  less  wash  water. 

3.  The  manner  of  adding  the  wash  water  has  undoubtedly  a  de- 
cided effect  upon  the  amount  required  for  complete  washing.  If 
the  original  liquors  be  allowed  to  sink  below  the  surface  of  the  ore 
before  the  wash  water  is  applied,  cracks  will  develop  in  the  ore  and 
channeling  will  take  place  with  any  subsequent  wash  water  added. 
When  the  main  liquors  have  reached  practically  the  top  of  the  ore 
I  he  wa>h  water  should  be  floated  on  quietly,  and  great  care  should 
be  taken  that  it  does  not  agitate  the  heavy  liquors  below,  nor  stir 
the  ore.  Otherwise  mixing  is  bound  to  occur,  and  the  washing  re- 
solves  itself  into  simply  a  dilution  process. 

The  concentrated  copper  solution  is  run  through  large  wooden 
storage  tanks  and  the  weaker  wash  liquors  are  :run  to  other  wooden 
storage  tanks,  and,  as  previously  stated,  are  reused  for  the  first 
leaching  of  new  batches  of  ore. 
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The  tanks  are  allowed  to  drain  until  no  more  liquor  will  run  off, 
then  the  leached  calcine  is  transferred  from  the  tanks  by  means  of 
a  locomotive  crane  "with  a  clam-shell  bucket,  into  gondola  cars  and 
transported  to  a  bin  from  which  it  goes  to  the  sintering  plant. 

A   THIRD  TYPE  OF  LEACHING   EQTJTP^rEXT. 

Still  another  leaching  outfit,  which  has  given  good  results,  and 
the  method  of  operating  it  are  as  follows : 

The  leaching  tanks  are  circular,  25  feet  in  diameter  by  5  feet  deep. 
These  tanks  are  arranged  in  two  parallel  rows,  each  tank  being  ele- 
vated about  8  or  10  feet  above  ground  level.  The  tanks  are  not  brick 
lined,  as  the  leaching  water  is  put  in  first  and  the  hot,  roasted  calcine 
dumped  into  the  water,  this  procedure  doing  away  with  any  chance 
of  burning  the  wooden  walls.  The  first  layer  of  the  filter  bottom  is 
2-inch  by  4-inch  grillwork :  on  top  of  this.  4-inch  by  4-inch  timbers 
are  laid  parallel  to  each  other  and  on  their  corners  and  are  spaced 
about  one-fourth  to  three-eighths  of  an  inch  apart  in  the  clear.  The 
corrugations  formed  by  these  timbers  are  filled  with  coke.  A  layer 
of  anthracite  culm  is  spread  over  the  top  and  shoveled  off  each  time 
with  the  leached  calcine.  As  this  culm  can  be  used  for  fuel  in  sinter- 
ing there  is  no  loss  in  this  procedure,  and  a  fresh,  open  filtering  me- 
dium is  obtained  with  each  new  tank  charge  of  calcine  by  this  method 
of  operation.  In  the  bottom  of  each  tank  there  are  four  square  open- 
ings, through  which  the  ore,  after  leaching,  is  shoveled  into  cars  on 
tracks  below.  These  openings  are  closed  by  beveled  wooden  plugs. 
The  four  openings  are  at  the  four  corners  of  a  square  and  are  placed 
symmetrically  in  the  rows  of  tanks  so  that  all  the  openings  come 
directly  over  the  tracks  below.  Two  tracks  run  under  each  tank,  and 
are  equipped  with  the  Hunt  cable  system,  by  means  of  which,  also, 
the  leached  material  is  transported  to  the  sintering  machine  storage. 

The  capacity  of  each  tank  is  125  long  tons  of  material. 

The  material  is  given  three  leachings.  The  first  leaching  is  with 
the  liquor  from  the  second  leaching  of  the  previous  charge.  This 
liquor  already  averages  about  1  per  cent  copper,  and  after  the  charge 
is  leached  will  contain  2^  to  3  per  cent  copper,  at  which  strength  it 
is  drawn  off  and  sent  to  the  precipitating  tanks.  The  second  leach- 
ing is  with  liquor  from  the  third  leaching  of  the  previous  charge. 
This  liquor  averages  about  0.2  per  cent  copper  to  start  with,  the  cop- 
per content  being  increased  to  about  1  per  cent  by  the  second  leaching 
of  the  calcine.  The  charge  is  leached  a  third  time  with  water  which, 
as  stated  above,  analyzes  about  0.2  per  cent  copper  after  the  third 
leaching  is  finished.  Ample  storage  for  all  these  various  strengths 
of  leaching  liquors  is  provided. 
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As  previously  stated,  the  liquor  for  the  first  leaching  is  drawn  into 
tin1  leaching  tank  in  correct  amounts  and  the  roosted  calcine  is 
dumped  into  the  liquor,  thus  removing  the  necessity  for  brick  or 
other  lining  of  the  tank-  to  prevent  injury  from  the  hot  calcine. 
The  charge  fills  the  tank-  to  within  (I  or  8  inches  of  the  top. 

Ail  transferring  of  the  Leaching  liquors  is  performed  by  means  of 
sump  tanks  and  air  lifts. 

COPPER  PRECIPITATION. 

The  precipitation  of  the  copper  from  the  solutions  is  done  en- 
tirely by  means  of  scrap  iron.  Electrolytic  precipitation  of  such 
solution-  is  interfered  with  seriously  by  the  presence  of  sodium 
sulphate,  chlorides,  and  other  salts  in  solution  and  is  commercially 
impracticable.  Various  types  of  precipitating  tanks  or  vats  are 
used,  according  to  the  individual  ideas  of  different  designers. 

One  type  of  tank  is  constructed  exactly  similar  to  the  double-wall 
concrete-lined  tank,  previously  described  as  being  used  in  certain 
plant-  for  the  leaching  of  the  calcine,  with  the  exception  that  it  has 
no  brick  grill,  but  a  grill  work  of  wooden  ties  spaced  several  inches 
apart  and  supported  on  two  ties  laid  on  opposite  sides  of  the  bottom  of 
the  box.  The  scrap  iron  is  placed  on  top  of  this  wooden  grill.  After 
copper  deposition  has  taken  place  for  some  time  the  scrap  iron  is 
shaken  by  hand,  which  causes  the  copper  cement  to  fall  off  and 
drop  down  between  the  grills  into  the  space  below.  Any  type  of  old 
iron  is  used,  but  old  galvanized  iron  is  preferred,  as  it  is  not  so  badly 
rusted.  The  actual  consumption  of  iron  is  about  110  pounds  of 
scrap  to  100  pounds  of  copper.  The  copper  cement  will  average 
about  80  per  cent  copper. 

Another  type  of  precipitation  apparatus  which  is  widely  used 
is  large  circular  wooden  tanks,  each  tank  being  about  22  feet  in 
diameter  by  5  feet  deep  and  having  no  grill  work  at  the  bottom. 
These  tanks  are  filled  with  scrap  iron  and  are  then  run  full  of 
concentrated  copper  solution  from  the  leaching  tanks.  The  solution 
IS  agitated  with  air  from  time  to  time,  also  the  scrap  iron  is  picked 
up  and  shaken  with  the  clamshell  bucket  of  a  locomotive  crane  at 
frequent  intervals  to  free  the  adhering  copper  cement  from  the  scrap 
iron.  This  is  done  until  the  liquor  in  the  tank  shows  no  more  copper 
content,  then  the  liquor  is  allowed  to  drain  off  through  a  filter 
and  a  fresh  charge  of  liquor  is  added.  The  same  procedure  is 
followed  with  this  charge  of  liquor  and  each  succeeding  charge  until 
the  depth  of  copper  cement  in  the  tank  is  about  IS  inches.  The 
residual  scrap  iron  is  then  transferred  by  means  of  the  crane  to 
an  adjacent  tank      The  copper  cement  is  then  dug  out  of  the  tank 
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by  hand  and  is  screened  through  a  heavy  screen  of  about  one-fourth 
inch  mesh.  All  the  fine  copper  cement  that  passes  through  the  screen 
is  then  run  down  into  blister  copper  in  a  small  reverberatory  furnace ; 
the  rejects  on  top  of  the  screen  are  put  back  into  another  precipita- 
tion tank,  as  these  rejects  consist  largely  of  iron.  The  copper  con- 
tent of  the  cement  averages  about  85  per  cent,  and  after  treatment  in 
the  reverberatory  furnace  about  98  per  cent. 

Still  a  third  type  of  tank,  which  has  been  successfully  used,  is  a 
simple  circular  wooden  tank  about  12  feet  6  inches  in  diameter  by 
4^  feet  deep.  Xo  agitation  is  used  in  these  tanks,  but  the  contents 
are  warmed  at  first  with  steam.  About  10  to  11  hours  are  usually  re- 
quired for  the  complete  precipitation  of  a  tank  full  of  strong  solution. 

The  copper  cement  is  shoveled  out  and  transferred  in  wheelbarrows 
or  buggies  to  screens  where  all  large  particles,  iron  and  steel  scraps, 
etc.,  are  screened  out.  The  screened  cement  will  run  about  TO  per 
cent  copper. 

DISPOSAX    OR    TREATMENT    OF    LEACHED    CALCINE. 

With  the  exception  of  a  small  amount  of  extremely  pure  leached 
iron  pyrites,  known  as  "  blue  billy,"  which  is  used  as  a  pigment  in 
metallic  plants,  all  of  the  material  after  leaching  is  either  nodulized 
or  sintered  and  sold  as  iron  ore  to  blast  furnaces. 

NODULIZING  EQUIPMENT  AND  METHOD  OF  OPERATION. 

In  the  nodulizing  of  calcine  an  ordinary  rotary  cement  kiln  is  used, 
generally  about  7  to  9  feet  inside  diameter  and  100  to  125  feet  long. 
This  kiln  is  set  at  the  usual  angle  of  an  ordinary  cement  kiln  and  it 
is  generally  fired  with  powdered  coal :  the  amount  used  varies  usually 
between  11  and  15  per  cent  of  the  weight  of  the  nodulized  calcine 
output.  The  coal  used  is  special  gas  coal,  which  generally  runs 
about  35  per  cent  volatile  matter,  51  per  cent  fixed  carbon  or  higher, 
and  the  balance  ash. 

Some  plants  experience  much  trouble  with  the  formation  of 
"  rings  n  in  the  kilns,  whereas  other  plants  operating  on  the  same 
type  of  calcine  have  no  trouble  whatever  Careful  investigation 
would  seem  to  indicate  that  this  trouble  is  caused  by  running  at  too 
high  a  temperature,  and  apparently  the  margin  of  safety  between 
the  temperature  sufficient  for  correct  nodulizing  and  the  temperature 
at  which  serious  "ring "  formations  will  take  place,  is  very  small. 
A  temperature  in  the  combustion  end  of  the  kiln  of  around  2.000°  F. 
will  result  in  a  good  product  of  nodulized  calcine  and  no  "  ring " 
formation,  whereas  a  temperature  of  2.200°  F.  results  in  serious 
"  ring  "  formation,  using  the  same  calcine.  This  definite  temperature 
would  undoubtedly  vary  with  different  grades  of  calcine. 
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The  hot  nodulized  calcine  discharged  from  the  kiln  is  some- 
times permitted  t<>  drop  into  a  pit  where  it  is  sprinkled  with  water, 
after  which  it  is  raised  into  storage  bins  by  means  of  chain  and 
bucket  elevators.  A  possibly  better  form  of  disposal,  however,  con- 
sists  of  discharging  the  hot  nodulized  calcine  into  a  chute,  which  in 
turn  discharges  into  a  cooling  cylinder.  This  cylinder  is  5  feet 
inside  diameter  and  60  feet  long,  and  has  a  steel  shell  lined  with 
flat  segments  of  cast  iron,  which  protects  the  steel  shell  from  wear 
and  can  be  easily  renewed.  The  cylinder  rotates  in  the  same  man- 
ner as  does  the  kiln.  The  incoming  hot  nodulized  calcine  is  partly 
cooled  by  spraying  with  water,  and  the  cooling  is  completed  by 
radiation  through  the  wails  of  the  cylinder  and  by  evaporation  as 
the  material  moves  through  it.  Just  enough  water  is  added  so  that 
it  will  evaporate  completely  before  the  material  is  finally  discharged. 
The  capacity  of  a  nodulizing  kiln  7  feet  inside  diameter  by  100 
fret  long  is  about  l.~>0  tons  of  finished  material  a  clay,  and  of  one 
9  feet  in  diameter  by  125  feet  long,  about  200  tons. 

Some  companies  do  not  screen  the  fines  from  the  nodulized  prod- 
uct, as  no  objection  to  tines  is  raised  by  the  blast  furnaces  that 
utilize  the  product,  whereas  other  companies  do  and  return  the  fines 
for  renodulizing  to  the  upper  end  of  the  kiln. 

SINTERING  EQUIPMENT  AND  METHOD  OF  OPERATION. 

The  sintering  of  leached  calcine  in  order  to  produce  a  material 
suitable  for  use  in  iron  blast  furnaces  is  generally  done  by  means  of 
a  Dwight-Lloyd  type  of  sintering  machine.  These  machines  are 
usually  constructed  much  heavier  than  those  used  for  other  metal- 
lurgical materials.  A  detailed  description  of  their  construction  and 
operation  is  not  necessary  here. 

The  sintered  material  discharged  from  the  machine  is  run  over 
a  grizzly  and  the  fines  are  returned  to  a  hopper  and  fed  onto  the 
-intering-nuuhine  pallets  immediately  in  front  of  the  calcine  charge. 
This  results  in  the  pallet  being  covered  with  a  thin  layer  of  fairly 
coarse  material  which  keeps  the  pallet  from  plugging  and  greatly 
increases  the  efficiency  of  the  machine.  This  layer  agglomerates 
easily  with  the  charge  above  it.  and  does  not  have  to  be  heated  to  as 
high  a  temperature  as  is  required  for  sintering  the  main  part  of 
the  charge.  Thus  the  pallets  are  protected  from  overheating  to  a 
considerable  extent. 

The  sintered  material  is  usually  discharged,  after  screening,  di- 
rectly into  concrete  or  brick  lined  steel  cars  and  drowned  in  these 
cars  with  an  excess  of  water. 

The  fuel  consumption,  calculated  as  carbon,  usually  is  anywhere 
from  7  to  10  per  cent  of  the  weight  of  the  calcine;  the  fuel  used  is 


206  MANUFACTURE   OF   SULPHUEIC   ACID. 

either  finely  crushed  coke  or  anthracite  coal.  In  addition,  0.5  to  1 
gallon  of  fuel  oil,  or  a  corresponding  amount  of  gas,  is  generally 
used  per  ton  of  sinter  for  ignition  of  the  charge. 

The  weight  of  the  finished  product  is,  as  a  rule,  approximately 
90  per  cent  of  the  dry  weight  of  the  calcines  treated. 

The  requirements  of  the  product  for  use  in  the  iron  blast  fur- 
nace are  a  minimum  of  fine  material,  absence  of  vitrification,  and 
the  existence  of  a  porous  condition  described  as  "cellular,"  which 
permits  the  furnace  gases  to  permeate  throughout  the  material. 

Under  normal  1913  price  conditions,  a  complete  Dwight-Lloyd 
plant  of  one  standard  machine  would  cost  about  $20,000  and  a  com- 
plete plant  of  two  standard  machines  about  $30,000.  The  capacity 
of  each  machine  is  about  150  tons  per  day. 

PRESENT  INSTALLATION  COSTS. 

The  actual  cost  of  erecting  a  leaching  plant  varies  greatly,  depend- 
ing on  plant  design,  climatic  conditions  at  the  plant  locality,  size  of 
plant,  and  other  factors. 

Based  on  construction  costs  as  of  1917-18,  it  may  be  stated  that  a 
complete  plant,  including  a  sintering  installation  having  a  daily 
capacity  of  300  to  100  tons,  will  cost  approximately  $2,500  per  ton  of 
calcine  daily  capacity.  This  cost  would  be  divided  approximately  as 
follows : 

Storage,    crushing,    drying,    screening,    mixing,    tracks    and 

transport  facilities $400 

Roasting 1,  150 

Leaching 400 

Precipitating    (on  basis  of  2£  per  cent  metallic   copper   in 

calcine) 200 

Sintering 350 

Total 2,  500 

In  a  smaller  plant — say  of  50  tons  daily  capacity— the  unit  instal- 
lation cost  is  considerably  greater  and  for  the  same  conditions  as 
above  would  be  about  $3,200  per  ton  of  daily  capacity. 

If  a  nodulizing  machine  is  used  instead  of  a  sintering  machine,  the 
cost  of  such  nodulizing  installation  complete  will  be  about  $600  per 
long  ton  of  leached  calcine  in  daily  capacity ;  but  it  should  be  borne 
in  mind  that  a  nodulizing  installation  can  not  be  economically  oper- 
ated on  a  capacity  of  less  than  125  long  tons  of  leached  calcine  a  day.' 

The  operating  costs  vary  greatly  according  to  different  methods  of 
operation,  varying  capacities,  local  costs  of  labor,  fuel,  etc. 

In  a  large  plant  having  a  daily  capacity  of  250  to  500  short  tons  of 
calcine,  the  costs  under  conditions  as  of  1917-18  are  approximately 
as  follows: 
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Treatment  of  calcine  tnoi  Including  nudullzing  <>r  sintering),  k.j.oo  to  $8.90 
per  short  ton  of  calcine. 

Sintering,  $1.80  to  $3.60  per  shorl  ton  of  sintered  material. 
Nbdulizing,  $1.40  t<>  $1.85  per  Bhorl  ton  of  nodulized  material. 

Those  costs  include  all  charges  for  operation  and  repairs,  plant 
amortization,  taxes,  and  all  company  overhead  and  administration 
charges,  also  freight  on  incoming  materials  and  sales  costs. 

USE  OF  NITER  CAKE. 

Niter  cake  is  an  impure  acid  sulphate  or  bisulphate  of  soda  carry- 
ing a  variable  excess  of  sodium  sulphate,  or  infrequently,  of  sul- 
phuric acid  from  "niter  pots"  improperly  charged  or  prematurely 
drawn.  Pure  sodium  bisulphate  (XaIIS()4)  contains  the  chemical 
equivalent  of  40.6  per  cent  sulphuric  acid  with  59.4  per  cent  sodium 
sulphate.  Niter  cake  may  occasionally  have  approximately  the 
same  composition  as  sodium  bisulphate.  but  its  acidity  usually 
ranges  between  28  and  44  per  cent  sulphuric  acid.  In  addition,  the 
cake  contains  small  percentages  of  iron,  aluminum,  and  silica  as 
regular  impurities,  with  arsenic,  sodium  nitrate,  or  nitric  acid  as 
accidental  impurities. 

The  following  is  a  typical  analysis  of  niter  cake: 

Typical  analysis  of  niter  cake. 

Per  cent. 

Silica 0. 10 

Oxides  of  iron  and  aluminum .45 

Free  acidity 34.  55 

Sodium  nitrate .  05 

Sodium    sulphate 64.25 

In  solution,  niter  cake  breaks  up  into  sodium  sulphate  and  free 
sulphuric  acid  entirely  available  as  such.  Thus,  1  pound  of  niter 
cake  with  a  free  acidity  of  34.55  per  cent  is  equivalent  to  0.44  pound 
of  60°  B.  sulphuric  acid. 

Niter  cake  is  very  deliquescent  and  if  left  in  the  open  is  gradually 
washed  away  and  is  wasted.  The  shipping  of  niter  cake  is  rather 
a  difficult  problem,  as  the  acid  in  the  material  corrodes  bolts,  nuts, 
and  rods  in  the  car  bottoms,  and  the  drip  from  the  deliquescent  cake 
attacks  the  springs  and  trucks. 

The  following  is  a  list  of  manufacturing  processes  in  which  niter 
cake  is  being  used  or  has  been  used  successfully  :  Pickling  iron  or  steel 
for  galvanizing  and  tin  plating,  manufacture  of  hydrochloric  acid, 
recovery  of  grease  from  wool  suds  and  sewage,  recovery  of  glycerin 
from  soap  lyes,  precipitation  of  synthetic  phenol,  manufacture  of 
epsom  salts,  regeneration  of  rubber,  scouring  in  the  process  of  calico 
bleaching,  manufacture  of  carbon  dioxide  for  mineral  waters,  and 
manufacture  of  glue  and  manure  from  leather  scrap. 
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Experiment  has  shown  that  it  is  practicable  to  manufacture  both 
superphosphate  and  sulphate  of  ammonia  with  niter  cake,  which 
use  may  greatly  extend  the  consumption  of  niter  cake  in  this  coun- 
try. At  the  present  time  the  principal  uses  for  niter  cake  are  in  the 
manufacture  of  Irydrochloric  acid  and  in  pickling  iron  and  steel. 

Cleaning  iron  and  steel  with  niter  cake  does  not  differ  essentially 
from  pickling  with  acid,  but  it  introduces  certain  necessary  manipula- 
tions due  to  the  presence  of  sodium  sulphate  in  large  proportions  as 
a  diluent.  Also,  as  a  result  of  the  inhibiting  action  of  the  sodium 
sulphate,  it  is  necessary  to  allow  a  longer  period  to  get  the  same 
results  as  when  using  acid.  The  usual  procedure  is  to  use  part 
niter  cake  and  part  acid. 

The  manufacture  of  hydrochloric  acid  for  metallurgical  purposes 
is  usually  carried  out  on  hearths  on  which  sodium  chloride  mixed 
with  ground  niter  cake  is  roasted  under  conditions  that  yield  hydro- 
chloric acid  and  neutral  sodium  sulphate. 


LIST  OF  PUBLICATIONS  RELATING  TO  SULPHUR  AND 
SULPHURIC  ACID. 

A  limited  supply  of  the  following  publications  of  the  Bureau  of 
Mini's  has  been  printed  and  is  available  for  free  distribution  until  the 
edition  is  exhausted.  Requests  for  all  publications  can  not  be  granted, 
and  to  insure  equitable  distribution  applicants  are  requested  to  limit 
their  selection  to  publications  that  may  be  of  especial  interest  to 
t  hem.  Requests  for  publications  should  be  addressed  to  the  Director, 
Bureau  of  Mines. 

The  Bureau  of  Mines  issues  a  list  showing  all  its  publications  avail- 
able for  free  distribution  as  well  as  those  obtainable  only  from  the 
superintendent  of  documents,  Government  Printing  Office,  on  pay- 
ment of  the  price  of  printing.  Interested  persons  should  apply  to  the 
Director,  Bureau  of  Mines,  for  a  copy  of  the  latest  list. 

PUBLICATIONS   AVAILABLE   FOR   FREE  DISTRIBUTION. 

Bulletin  133.  Wet  Thiogen  process  for  recovering  sulphur  from 
sulphur  dioxide  in  smelter  gases,  a  critical  study,  by  A.  E.  "Wells. 
1917.    66  pp. 

Technical  Papers  58.  Action  of  acid  mine  waters  on  the  insulation 
of  electrical  conductors,  a  preliminary  report,  by  H.  H.  Clark  and 
L.C.  Ilsley.    1913.    26  pp. 

aNiCAL  Paper  1-19.  Answers  to  questions  on  the  flotation  of 
by  0.  C.  Ralston.    1917.    30  pp. 

Technical  Paper  198.  Sulphur  dioxide  method  for  determining 
copper  minerals  in  partly  oxidized  ores,  by  C.  E.  van  Barneveld  and 
E.  S.  Leaver.    1918.    12  pp. 

PI  r.LICATIONS    THAT    MAY    BE    OBTAINED    ONLY    THROUGH    THE    SUPERIN- 
TENDENT OF  DOCUMENTS. 

Bulletin  47.  Notes  on  mineral  wastes,  by  C.  L.  Parsons.  1912. 
44  pp.    5  cents. 

Bulletin  98.  Report  of  the  Selby  Smelter  Commission,  by  J.  A. 
Holmes,  E.  C.  Franklin,  and  R.  A.  Gould,  with  reports  by  associates 
on  the  commissioners'  staff.    1915.    525  pp.,  41  pis.,  14  figs.    $1.25. 

Technical  Paper  26.  Methods  for  the  determination  of  the  sul- 
phur content  of  fuels,  especially  petroleum  products,  by  I.  C.  Allen 
and  I.  W.  Robertson,  1912.    13  pp.    5  cents. 
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Rogi  rs.    Allen,    and    Aubert,    A.    B., 

work  cited 135 

Rotary  burners,  description  and  use_         61 

S. 

Scrubbing,  sulphur  dioxide  gases 156-159 

See    also     Bubbling ;     Load-coil 
cooling      and      scrubbing 
system. 
Sicily,    brimstone   exports   to  United 

States 26 

BUlphur  industry  in 26 

Single-hearth  roaster,  description 195 

Sintering    machine,    for    leached   ore, 

description    of 205 

Skogland     concentrator,     description 

of 140 

Sodium  chloride,  use  in  roasting 194 

Soiitb  Carolina,  pyrite  mines  in 45 

Spain,  exports  of  pyrite 40 

pyrite   industry    in 39—42 

Set     also    Pyrite,    Spanish. 
sporiiic  gravity  of  sulphuric'  adds*  •  5 

Spirlel   furnace,   description 73 

fuel  requirements       73 

Steel,  pickling  and  galvanizing,  acid 

consumption   for 18,  20 

Stevens,  II.  J.,  work  cited 129 

Stills,     for     concentrating     chamber 

acid  134-135 

Storage    tanks    for  acid,    description 

of 147-148 

Sullivan.  T.  J.,  work  cited 5 

Sulphur  from  gas  works 56 

per  cent  in  pyrite  ores 36-3> 

publications    on 209 
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Sulphur   deposits,   coastal    Louisiana 

and    Texas 27,30-32 

Sulphur    dioxide,    by-product,     from 

copper    smelting 54-55 

from  zinc  plants 54 

conversion   to   sulphur   trioxide-        14!) 

diagram  showing 150 

gases,  coolers  for.     See  Coolers. 

purification    of 156-159 

Si  i    also  Drying  tower. 

Sulphur    Industry    in    Sicily 26 

Sulphur  mining,  Frasch  process 28 

methods   and    costs 28-32 

Sulphur    trioxide,    absorption    tower. 

description  of 1S7 

See  also  Cooler. 

Sulphuric  acids,  action  on  cast  iron-  146 

action  on  lead 146 

action  on  wrought  iron 147 

commercial  strengths 5 

concentration   limits   of 134 

consumption  by  industries,  table 

showing 18 

conversion    factors ."> 

dearsenieation,  apparatus  for.   131,  132 

demand    during   the   war 8 

haulage    costs 21—22 

manufacture  of.  Sec  Chamber 
process ;  Contract  pro- 
cess ;    Copper    companies. 

production,  domestic,  1865-1890-  6 

1011-191S 9 

1919 17 

zones,    figure    showing-  10 

in   Glover   tower 84 

publications  on 209 

purification    of 130 

specific  gravities 5 

uses 17-18 

Sulphuric    acid    plants,    commercial, 

production 12 

explosives  companies,  produc- 
tion    12 

Government  own,  production 9,  12 

list,    by    zones 12-16 

production  by  zones 9 

production     capacities 11-12 

T. 

Tank  cars,  for  sulphuric  acid 148 

Temperature,     in     chamber     process, 

importance   of 00 

of    chamber    gases,    importance 

of 94-05 

relation  to  velocity  in  con- 
version   173 

Tennessee,    pyrrhotite   mines   in 50 

Tennessee    Copper    Co.    plant,    acid 

circulation    at 123 

cooling  tanks  at 120 

Gay-Lussac  towers  at 116 

ore  used  at,  composition  of 128 

practice    at 128 

Tentelew  system,  elements  of 151 
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Tentelew  system,  heat  exchanger 
and  converter  in,  descrip- 
tion  of 181 

figure   showing 182,183 

heat  transfer  in 171 

Texas,  coastal,  sulphur  industry  in_   27-32 
western,  sulphur  deposits 32 

Texas  Gulf  Sulphur  Co.,  produc- 
tion and  costs 31 

Textile    industry,    acid    consumption 

in 18 

Thorpe,  T.  E.,  work  cited 26 

Top  sheets  of  lead  chamber,  method 

of  hanging,  view  of 98 

Towers,  See  Anaconda  packed  cell 
plant;  Gilchrist  columns; 
Hoffman  intensified  ;  In- 
termediate towers  ;  Lunge 
plate  towers  ;  Pratt  con- 
verter system. 

Trepex    machine,    dearsenication    of 

chamber    aci.l    with___  131,132 

Tromblee  and  Paul,   rotary  burners, 

description 61 

view     of 60 

U. 

Union    Sulphur  Co..    production   and 

costs 30 

Utah,   sulphur  industry  in 34 

V. 

Velocity,    relation   to    temperature  iu 

conversion 173 
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Vesuvius    vertical    burner,    descrip- 
tion   62 

view   of '!1 

Virginia,    pyrite    mines    in 45 

pyrrbotite  mines  in 49 

Vitreosil    dishes,    advantages    of 137 

W. 

Wash    liquors,    amount    required    in 

leaching 201 

Waste  gases,  impurities  in.  removal-  130 
Water,    reaction    with   nitrosulphurie 

acid,    formula    for 94 

Water  sprayers,  in  chamber  plants__  92 

Webster,  Paul,  acknowledgment  t"__  3 

Wedge  roaster,  description  and  use 67-69 

figure    showing 68 

view  of 66 

,-■'•    also   Begeler   furnace;  Her- 
reshof    furnace. 
Wisconsin.       iron-sulphide      tailings, 

production     in 47 

Woodruff,  E.  <;..  work  cited 33 

Wrought    iron,    action    of    sulphuric 

acid    on . 147 

Wyoming,  sulphur  deposits  in 33 

Z. 

Zinc    blende,    sulphur    content 70 

Zinc    ore.    roasting,    acid    production 

from 23-24 

Wedge    furnace   for    roasting 73 

Zinc-ore     roasters,     description     and 

use 70-71 

fuel  requirements 71 

Zinc   plants,    sulphur  dioxide   as   by- 
product   of 54 


